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13. Abstract (Concluded)

pattern perturbations for the vertically polarized component in compari-
son with the horizontally polarized component,

Horizontal dipoies typically exhibited about 6 dB more gain than vertical
dipoles when a compavison of relative maximum response was made without
regard to the polarization of the incident signal. The maximum response
of a horizontal dipole to Eg (vertical polarization) exceeded that of a
vertical dipole by only about 3 ds, whereas for Eo (horizontal polariza-
tion) the difference increased to 17.5 dB for antennuis in both clearing
and fores%t, The ratio c¢f maximum response for each polarization (Ee/Ew)
on a given measurement frequency for similar antenras in the clearing
was nbout -5 dB for the horizontal dipoles whereas for the vertical
dipules a ratio of +12 dB was more typical. This ratio was observed to
increase by about 3 dB for both vertical and horizontal dipoles when the
antennas were measured in tiz-;orest.

A mathematical model previously developed to predict the radiation pat-
terns of HF dipole antennas immersed in a forest was tested at VHF for
antennas in the Thailand forest. This model provided contour plots of

the predicted radiation patterns, which were plotted on the contour plots
of the mr:asured radiation patterns. The measured median patterns resemble
the calculated patterns quite well .in some cases (especially in the main
lobes); however, it was concluded that the model can be used to provide
only a rough estimate of the average directivity pattern (above about 15
degrees elevation) of the main lobes of dipoles placed in forest
environments,

These measurements show that calculation of the performance of VHF com-
munication systems employing dipole antennas located in forests must
include not only average pattern factor changes (as predicted by the
model) but also the rapid fluctuations (caused by scatter from the vege-
tation) which are superimposed on the average variation. Thus far we
have only empirical data on these rapid fluctuations, Further study of
modeling these rapid fluctuations-~especially their statistical nature--
is recommended,
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ABSTRACT

‘Measurements of the radiation patterns of full-scale simple VHF
antennas (half-wavelength dipoles) were performed while the antennas were
situated in a second-growth tropical forest in Thailand. These measure-
ments were performed by towing a special-purpose transmitter with an air-

craft in orbits around the measurement antennas.

The measurement data indicated significant variations in the re-
ceived signal strength as a function of azimuth angle while the trans-
mitter was towed in orbits at constant elevation angles.,  These duata were
processed statistically using a digital computer to provide contour plots
of the median signal strength as a function of azimuth and elevation angle.
In addition to the contour plots of the radiation patterns for the two
polarizations, estimators of the standard deviations of the signal
strength, and a comparison of the relative gains of tlie average signal

strength at the measured pattern maxima are provided.

Vertically polarized signals received by the measurement antennaz
exhibited only slightly stronger perturbations than horizontally polarized
signals, thus it is assumed that the forest was fairly isotropic as com-
pared to previous measurements in a eucalyptus grove in California whirch
resulted in larger signal reductici and pattern perturbations for the
vertically polarized component in comparison with the horizontally

polarized component.

Horizontal dipoles typically exhibited about 6 dB more gain than
vertical dipoles when a comparison of relative maximum response was made
without regard to the polarization of the incident signal. The maximum

respon: -~ of a horizontal dipole to EB (vertical polarization) exceeded

111 preceding page biank



that of a vertical dipole by only about 3 dB, whereas for Ee (horizontal
polarization} the difference increased to 17.5 dB for antennas in both
clearing and forest. The ratio of maximum response for each polarizaliocn
(Eg/Ew) on a given measurement frequency for similar antennas in the
clearing was about -5 dB for the horizontal dipoles whereas for fhe ver-
tical dipoles a ratio of +12 dB was more typical. This ratio was observed
to increase by about 3 dB for both vertical and horizontal dipoles when

the antennas were measured in the forest.

'A mathematical model previously developed to predict the radiation
patterns of HF dipole antennas immersed in a forest was tested at VHF for
antennas in the Thailand forest. This modél provided contour plots of
the predicted radiation patterns, which were plotted on the contour plots
of the measured radiation patterns. The measured median patterns resemble
the calculated patterns quite well in some cases (especially in the main
lobes); however, it was concluded that the model can be used to provide
only a rough estimate of the average directivity pattern (above about 15
degrees elevation) of the main lobes of dipoles placed in forest

environments,

These measurements show that calculations of the performance of VHF
communication systems employing dipole antennas locéted in forests must
include not only average pattern factor changes (as predicted by the
model) but also the rapid fluctuations (caused by scatter from the vege-
tation) which are superimposed on the average variations. -Thus far we
have only empirical data on these rapid fluctuations. Further study of
modeling these rapid fluctuations--especially their statisticel nature--

is recommended.
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PREFACE

The work described in this report ﬁas performed with the support,
and using the facilities, of the Military Research and Devélopment Center
(MRDC) in Bangkok, Thailand. The MRDC is a Boint Thai-U,S. organization
established to conduct research and development work in;tﬁé.tropical en-
vironment. The overall direction of the 'U.S, portion of the MRDC haé
been assigned to the Advanced Research Projects Agency (ARPA) of the U,S. \
Department of Defense who, in 1962, askedithe U,S, Army Electronicé_ \
Command (USAECOM) and Stanford Research Institu£e (SRI) to establish an
electronics laboratory in Thailand to gacilitat? the study oflradio'com-
munications in the tropics and related subjects. The MRDC-Electronics
Laboratory (MRDC-EL) began operation in 1963 [under Contraqt DA—3Q-039 : !
AMC-00040(E)] and since that time the ARPA hés acfively mogitored and
directed the efforts of USAECOM and SRi. In Bangkok? this function i?
carried out by the ARPA Research and Development Center (RDC-T). 'The
cooperation of the Thai Ministry of Defense and the Thailand and quUS
representatives of the ARPA and USAECOM ﬁade possible th?_wofk.preseqted
in this report. The preparation and printing of this report was supported

by USAECOM under Contract DAABO7-70-C-0220. , ! ,
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1 INTRODUCTION
0 t
b ' ey

1 ! E ’ : Lot
] Interest in the study of the effects of tropical environments .on

antenna performance has been stimulated because of .the need for better
1 i

‘comrunications when operating in these areas. This report is concerned

i !
with the effectﬁ of a tropicdl forest in Thailand on the radiation pat-

. . H 2, ,
terns and gains of ‘'simple VHF, antennas located in and near the forest. .

! Although the patterns of VHF antennas operating under ideal condi-

tions have been well documentéq, little documentation of the effects of
' ! i ] :

typical ground and forested environments, ‘as are encountered in daily

use ofIVHF antennas, had been done until recently. Preliminary VHF
antenna pattern measurements were perfofmed.under'this contract during
) ! .

i i 3 : N %
November 1965 in a eu?alyﬁtus grove near Newark, California.®! Measure-

‘ments of both HF and VHF aintennas were performed in a tropical forest
I

' near the village of Ban Mun Chit (Chon Buri Province), Thailand (see

Figure 1). .The results of the VHF measurements dre discussed in this
report' and the results of the HF measurements have been reported

,previously.z ' J

The antennas described in this report were primarily simple hori-

, .
zontal dipoles and vertical sleeve dipoles, similar to those used for

the measurements in California. In addition to.these, patterns of an-

: i

’ t
tennas,used for the manpack Xeledop measurements3,and those of a folded-
dipole antenna kit for the AN/PRC-10 radio set .also were measured,?

1 ] b,

i i
wt

L o .
References are given gt the end of this report,
!

3
|
A
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The measurements indicate that scattering of the incident signal
results from the uneven surface of the ground surrounding the antenna
and additional scattering and signal attenuation is introduced when the
antennas are situated in a forest. Because of the significant variation
in the measured signal strength over a small a“imuthal sector and in
order to provide a more meaningful and useful data presentation, the data
from theile measurements were processed statistically. The median signal
strengths over 10° azimuth sectors were determined and then plotted as
contours of equal median signal strength as a tunction of the azimuth
and elevation angles on azimuthal equal-area projections in order to
provide the measured radiation patterns of the antennas. These contour
plots are essentially the same presentation as was employed under this
contract for the HF pattern data,®,®,® except the actual data points were
used for contouring the HF data whereas the median values for a small
azimuthal interval at constant elevation angles were contoured for the

VHF data,

In addition to the contour plots of the radiation patterns for the
two poiarizntions, estimators of the standard deviation of the signal
strerigth and a comparison of th> average relative gains are provided,
Also,'the maximum median level of signal received on each antenna (while
the Xeledop traversed a 10° azimuth sector at essentially constant eleva-
tion angle) was used to estimate the relative gain of all antenuas measured

on the same frequency.

in order to better understand these data, a computer model developed
under this contract to predict the radiation patterns of HF antennas in
a forest (as approximated by a lossy dielectric slab)? was employed using
input parameters pertinent to the VHF antennas, This model (like any
other mathematical model) is potentially only as accurate as its input

data (in this case the ground and vegetation electrical constants and an
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estimate of the forest and antenna heights). To provid< ith= data on the
electrical constants of the ground and vegetation, open wire transmission
line techniques (discussed elsewhere®) were devised to provide measured
values of these parameters. The computer mode 1 proved to be useful for
predicting the mean signal strength for some of the antennas but further
study is required to provide a model that would be completely reliable

for VHF antenna performance predictions,

The measurement antennas are described in Section Il of this report,
A description of the measurement site and the results of the open wire
transmission line measurements of the foliage and the ground electricul
constants are provided in Section I1I. The antenna pattern measurement
equipment and the data processing techniques are described in Sections
IV and V. A discussion and example presentations of the statistical
parameters that were derived from these measurements are provided {n
Section VI. The feed point impedance of each antenna was m>asured while
the antennas were located in their pattern measurement enyironment and
these results are presented in Section VIi. The mathematical model de-
veloped to predict the radiation patierns of HF antennas is described in
Section VIII along with a discission of the applications of the model to
VHF antennas. The results of these measurements are discussed in Section
IX and a summary of the major findings of this work along with recommenda-

tions for future studies is presented in Section X.

The antennas were measured in two sets and the data from these
wasurements are presented as contour plots of the median signal strength
and tables of the estimated standard deviattons in Appendices A and B,
Finally, an example application problem is presented in Appendix C to
assist the reader in interpreting and employing thn data presented here,
The particular example presented here shows that the forest can reduce
the received signal as much as 20 dB when compared to an antenna located

in a clearing.




IT1 DESCRIPTIONS OF THE MEASURED ANTENNAS

Simple antennas with relatively predictable patterns (when cver
level, open terrain) were measured to determine the effect of surrounding
foliage on the performance of these antennas, The antennas were scaled
to be resonant at 50, 75,*.or 100 MHz and were measured only on their
design frequencies., The antennas were measured in two sets (see Section
III). Twenty~-five feet of RG-58/U coaxial transmission line was connected
to the feed point of the antennas (except the folded dipoles) and then
connected to RG-8/U coaxial transmission line which led to the equipment

van containing the receiving and recording instrumentation.

A, Horizontal Unbalanced Pinole Antennas

The radiating elements of the horizontal unbalanced dipole antennas
were constructed from 3/8-inch-diameter aluminum tubing scaled to 95
percent of )»/4, as shown in Figure 2, At the feed point, a constant dis-
tance between the elements was maintained with a Teflon spacer. These

antennas were supported 10 feet above the ground with bamboo poles.

In Set 2, a North Hills Model 1100BB balun (75 Q:75 Q) was attached
to the feed point of the 75-MHz antenna; this is referred to as a "hori-
zontal dipole with balun” to distinguish it from the balanced dipoles

described in Section 1I-C.

*
For these measurements 75.1 MHz actually was used because 75.0 MHz is
an international aeronautical trequency, however, 75.1 MHz is rounded
to 75 MHz in this report.
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B. Vertical Sleeve Dipole Antennas

The vertical sleeve dipole antennas were constructed from 3/8~-inch
and 1-3/8-inch-diameter aluminum tubing, as shown in Figure 3. The
radiating element was made of 3/8-inch-diameter tubing scaled for 95 per-
cent of \/4 and supported with a Teflon spacer from a sleeve of 1-3/8-
inch-diameter tubing of the same length as the radiating element. The
RG-58/U coaxial transmission line was brought up through the center of
the sleeve to the base of the radiating element. The sleeve dipoles wemie
supported with their feed points 10 feet above the ground with bamboo

poles, as shown in the typical installation in Figure 4.

C. Horizontal and Vertical Balanced Dipole Antennas

The balanced dipole antennas were the same as those used for the
maipack Xeledop measurements of signal strength as a function of range.?,%,°
These half-wave dipoles were cdesigned to be portable, self-supporting,
and adjustable, The antenna elements were telescoping automobile antennas

that could be adjusted to operate from 50 to 100 MHz.

A 1:1 balun transformer (North Hills Model 1100BB) was mounted near
the antenna feed point on a 2-foui support arm of phenolic material,
This arm also se sed as a support to Beep the RG~58/U coaxial trans-
mission line perpendicular to the antenna elements for the first two
feet beyond the antenna connection. The antenna support arm was fastened
to a wooden mast section by a clamp, which allowed the antenna to be
rotated to any desired orientation, as shown in Figure 5., The antenna
mast was supported by an adjustable wooden tripod, with the feed point
of the antenna located 10 feet above the ground. The length of the
radiating elements was determined from previous measurements where they
were adjusted to resonance over an open delta.® These antenna lengths

(for a feed-point height of 10 feet) for each frequency were:
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FIGURE 6 PHOTOGRAPH OF HORIZONTAL BALANCED DIPOLE INSTALLATION

10



50 MHz 112.5 inches
75 MHz ' 77.0 inches

100 MHz . 60.5 inches.

D.  Horizontal and Vertical Folded Dipole Antennas

Tke folded dipole antennas that were measured were part of a patrol
antenna kit designed for the AN/PRC-10 radio sets. The nomenclature
designation used for this kit is CDTC-V PATROL ANTENNA, MK III, PRC1O.
The measured antennas were two 48- to 54-MHz folded dipole antennas with
36 feet of 300-Q "twin lead" (NR 214-056) transmission line, The twin
lead was wound onto a small movie film reel for storage, A coaxial
balun was mounted on the reel along with a coaxial connector for con-
necting the antenna to the radio set.*s!' These an*ennas were measured
at 50 MHz while oriented in the horizontal configuratiun and while
oriented in the vertical configuration; in both cases, the feed points

.of the antennas were 36 feet above the ground.

11



II1 DESCRIPTION OF THE MEASUREMENT SITE

A brief description of the tropical forest used for these measure-
ments 1s presented below. A more comprzhensive description can be found

in Appendix G of Ref, 8, which describes the site documentation performed

by the Environmental Sciences Division of the Joint Thai-U.S. Military

Research and Development Center, Bangkok, Thailand. |

The measurement site was located on the edge of a tapioca plantation, |
as shown in Figure 6. The antennas were located in and near the forest !

adjoining the tapioca field, as indicated in Figures 7 and 8,

The foreét used fpr these measurements was mainly second growth.
Scattered trees in thé upper and middle story, remains of fallen trees,
and decomposed stumps ihdicatéd that the forest had gone through a heavy
exploitation in the pasiL. A great nuﬁber of large-sized trees of com-
mercial value in Zhe upper and middle stories had been removed; there-
fore the remaining trees were either species.ni negligible commercial
value, or small trees associated with a dense undergrowth layer, Trees
in the upper story were of an uneven height of over 75 feet, and the
crown canopy was a discontinuous layer. Thefe was relatively no separa-
tion in the lower stories. The greatest densii& of fhehvegetation was

in the lowest story and undergrowth layer (from the ground up to 46 feet),

and 88.7 percent of the trees were under 50 feet tall. The lowest story
of the forest was about 20 to 46 feet high. Since some individual trees
were lower than the undergrowth, there was no distinct line Sseparating
these two layers. 1In parts of the area, shrubs and trees in the lowest
story were totally covered by a common climber which made the ground

appear to he covered with a green sheet. Because of the dense undergrowth,

3 Preceding page blank
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visibility was poor both vertically and horizontally. The average hori-

zontal visibility was limited to approximately 30 feet.

3

The vegetation was removed from this site only where necessary for
trails, coaxial transmission lines, passage of equipment and personnel,
and to provide a couple of feet of clearance between the vegetation and

radiating elements of the antennas.

The electrical properties of the undergrowth at Ban Mun Chif were
neasured using open~wirc transmission lines (OWLs) at different sites
and in different seasons.® The results of these measurements are pre-
sented in Figure 9, which shows the median values and quartile ranges as
a function of frequency. The number of samples is indicated in paren~

thesis on the loss-ta::gent plot.

Ground constants also were measured at Ban Mun Chit using OWL probes,

These results are summarized in Figure 10,

17
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IV PATTERN-MEASUREMENT EQUIPMENT

The anterna patterns were measured by towing a mul tifrequency
special purpose transmitter (Xeledop) on a 300-foot riielectric rope be-
hind an aircraft modified especially for this purpose. While the air-
craft {lew in circular orbits around the antennas being measured, the
signals received by the measurement antennas on the ground were recorded
digitally on magnetic tape and on analog strip-chart recorders together
with the position of the aircraft as indicated by electronic tracking
aides. The data for each antenna were then processed to provide contour
plots of the median response of one antenna to one polarization for a
given frequency as functions of azimuth and elevation angl¥s. The {n-
Strumentation and field-measurement techniques are briefly described in

this section, and the data processing is discussed in Section V,

A, The VHF Xeledop

The VHF Xeledop is a scaled-down version of the eight-frequency
Xeledop that has been described in reports discussing previous HF measure-
ments?,°,%,'2 and in the open literature.!® Unlike the NF Xeledop, which
uses sequentially keyed transmitters, the VHF Xeledop can operate either
continuously on three frequencies (50, 75, and 100 MHz) or in a commu-
tated mode. Continuous operation, as was used for these measurements,
is made possible through the use of a passive, three-section multicoupler
to match any or all of three transmitters to the dipole antenqﬁ. Tuned
coupling transformers transform the reactive impedance of the short
dipole to 50 (), and parallel-tuned traps provide isolation for the three
transmitters. Thus, any one coupling transformer is loaded by the dipole

but not by the other transmitters.'*

2L Preceding page blank




The VHF Xeledop and its associated stabilizing equipment are shown
in Figure 11. From top to bottom, these items are VHF Xeledop, fiber-
glass tail fin and balancing rod (for operation in the horizontal orien-
tation), and drag cone (for operation in the vertical orientation). A
similar VHF Xeledop was adapted for use on a backpack, and also was em-
ployed at Ban Mun Chit to obtain signal attenuation as a function of
distance as the unit was carried on a special backpack down a forest

trail,?,%,0 ;W'

FIGURE 11 VHF XELEDOP AND STABILIZING HARDWARE

B. Aircraft Tracking and Guidance

In addition to the Xeledop transmitter, the aircraft carries a low-
power radio beacon tr. . mitter and a modified APX-6 (IFF) transponder
unit. Both are used for position information. The beacon is tracked by
ground equipment, which provides azimuth and elevation information for
data processing; the airborne transponder operates with a similar unit
on the ground to indicate slant range for the pilot's information. The

latter, displayed on a meter, is called the Pilot's Deviation 'ndicator

(PDI).

]
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The ground-tracking unit is a Rawin AN/GMD-1 Weather Balloon Tracker
(referred to as the GMD). A steerable dish antenna tracks the aircraft
beacon transmitter. Azimuth, elevation, and a sequence number (called

GMD time) are printed on adding-machine paper every 6 seconds,

Although the operating frequency of the GMD is approximately 1.6
GHz, it has been found that metal and wooden towers--such as those nor-
mally found at a permanent antenna installation--do not interfere suffi-
ciently with the signals to cause erratic operation of the tracking unit,
However, the dish will start to "hunt” for the beacon if the signal is
blocked by a large object or by numerous trees, as was the case when
measurements were conducted in a conifer forest.® To overcome this prob-
lem, the GMD was elevated on a 20-foot steel tower. With the GMD so
situated, minor tracking problems occurred below about 15° elevation
(breaking point between trees and sky), but reasonavle tracking could be
maintained down to 5° elevation. When tracking was lost, it was primarily
the elevation angles that were erroneous; during these few occasions, it
was necessary to rely on the pilot to maintain his orbit with the PDI,

barometric altimeter, and ground reference points.

C. Receiving and Recording

A block diagram of the receiving and digital recording system is
shown in Figure 12, The receiver consisted of crystal-controlled con-
verters that translated the received frequencies of 50, 75, and 100 MHz
to 30 MHz, so that the AGC voltage of the R-390A/URR receivers could be
monitored by the recording system. The inputs to the converters were
padded so that their input impedance would remain within 1.2:1 VSWR of
50 ohms. The AGC voltages were used as inputs to the digital recording
equipment and, because this was the first major measurement program

where the VHF measurement data were recorded on digital magnetic tape,
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were also monitored with analog strip-chart recorders as a backup and

for on-line mouitoring purposes.

The 12-channel-to-4-channel relu:y multiplexer was controlled by the
control logic of the digital recording equipment. This unit connected
four receiveri on one frequency to the four voltage~to-frequency con-
verters., The digit=l values were derived by counting the cycles of the
four voltage-to~-frequency converters over a period of 2,5 ms, and these
digital values were written on a magnetic tape. Then, the multiplexer
switched to the next group of four antennas, and the received Signals
were again sampled and recorded. Each block of data containing samples
from all twelve antennas is referred to as a frame of data; this data
frame was preceded by a preamble containing the GMD time during that
sample (the GMD time was established by controlling an electronic counter
with the relay that advanced the sequence counter on the GMD printer).
Between every 32 frames, a record preamble was written, containing in-
formation such as the date the measurements were conducted, the run number,
and an identifier to indicate if the System was being calibrated or if

pattern measurement data were being recorded,

Calibration of the receiving and recording equipment was accomplished
by means of a crystal-controlled signal gencrator with a 50-() output im-
pedance, which operated on the three Xeledop frequencies. This signal
was injected through a stepped attenuator into the system in place of
the antenna (before the converter pads) and was stepped in 10-dB steps
over a 40-dB range. The dynamic range of the recording system was vx-
tended to 80 dB by using push-button attenuators between the converter
pads and the converters. The attenuation required to keep the recorders
within the 40-4B calibrated range was then inserted by the operators (in
10- or 20-dB steps), and the value was recorded on the monitoring strip-
chart recorders by the operators so that this attenuation could be com-
pensated for during the data processing,
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V DATA PROCESSING

The procesging of the antennu pattern-meaéurement data was accom-
plished with semiautomatic scaling and plotting devices and a Control
Data Corporation Model 3200 digital computer. Only the general steps
in the data processing are cutlined in this section, since the details
of each computer program are not necessary to understand the final pre-

sentation of the processed data.

As the data flow chart in Figure 13 shows, the field data came irom
two sources, Digital magnetic tape recorded at the field site was the
preferred data medium because it was directly usable by a digital com-
puter, It was fortunate, however, thaf analce strip-chart recordings
of the same data were made simultaneously, because the magnetic tape
containing the horizontal polarization (E@) data for Set 1 was not read-
able on any of the four computers available. Theldisadvantage of strip-
chart data is the necessity of manually scaling (analog-to-digital'cqn-
version) in order to transfer the data to a medium suitable as direct
digital computer input. Because the scaling operation requires éihuman
operator, the time and cost of data reduction increases as does the

possibility of data scaling errors.

The aunlog strip-chart data for Set 1 (Ew) were manually scaled by
a semiautomatic data-scaling device, a Benson Lehner LARR-V. The LARR-V
recorded the amplitude data and calibration levels in the form of x and

y coordinates directly onto digital magnetic tape.

As the first step in processing the mégnetic tape data from both
sources an editing program corrected all obvious errors from the field

data. The magnetic tapes recorded in ‘he field frequently had records
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with parity errors and missing characters. The data scaled from the

strip-charts contained data scaling errors in the identifying data fields

and in the data,field'indicating attenuation changes, .The editing pro-

(]

gram for digital magnetic tape data rejected only amplitude values beyond

the range of the analog-to-digital converters described in Section IV-C.

G i,

With this program, it was attempted to recover as much data as possible

from those records with parity errors and/or missing characters,

Neither source of field data contained azimuth or elevation values,

but by means of the GMD time, recorded on both media, azimuth and eleva-
tion could be related to the amplitude sample points., Azimuth and eleva-
tion values and the GMD time, which were recorded every 6 seconds on the

GMD tape at the same time the amplitude data were recorded (described in

e e B

Section IV-B), were recorded on computer cards. Since the recording rate
-of the GMD was much slower than that of the digital recorder, approxi-
mately 60 frames of amplitude values were recorded between two consecutive
GMD time counts, azimuth and elevation vaives for each amplifude frame
were found by linear interpolation between the values provided by the GMD
at 6-second intervals, Similarly, there were a number of amplitude values i
(ranging from 5 to 30 samples) scaled from the analog strip-charts for

each GMD time (6 seconds), and the corresponding azimuth and elevation

angles also were found by linear interpolation between the known values |

at each recorded GMD time, ]

The signal amplitude values from both sources of data had to be con-
verted to decibels., Calibration values for each 10-dB step of the 40-dB
calibrated range were recorded in the field for each channel (one antenna
and frequency combination). Within each calibration step the intervening
amplitude values were found by linear interpolation., This piecewise-
linear function was interpolated to fit the calibration curve about as

accurately as a least-squares curve-fitting technique, Amplitude values

29




outside the calibration range were rejected. The attenuation inserted
\'y the operators atlthe time the data were recorded was added to the

amplitude after it had been converted to decibels,

8

The analog strip-chart data were scaled and processed for one
antenna/frequency channel at a time, while the data recorded on magnetic
tape were processed for 12 antenna/frequency channels simultaneodsly.

As a result, the edited magnetic tape data required reformatting to re-
duce tape handling operations on the computer. This was accomplished at

Step 2 at the time the amplitude data were converted to dB (see Figure 13).

From Step 3 through Step 7 the data from both sources followed the
same path. At Step 3 several statistical calculations were performed.
The median, {.’, and the mean, i, amplitudes were found for each 10° azi-
muth segment at each elevation angle of the transmitter. Estimators of
the standard deviations about the median amplitude, 8', and the standard
deviation about the mean ampli tude, 8, were derived from the équare roots
of the second moments about the median (JE;) and about the mean (Jﬁ;)
amplitudes. In addition to these, estimators were derived of the standard
deviations of, the samples above the median and mean (peaks), 8; and Gp,
and of the standard deviations of the samples below the median and mean

~ !

(nulls), Gn and an. These statistical estimators were printed in tabular
form, a sample of which appears in Section VI (Tables 1 through 12), and
were written on magnetic tape to serve as input to subsequent processing
steps. To reduce the processing time of the data recorded originally on
magnetic tape, where the number of amplitude values per orbit averaged
6000, only every third data print was used in the calculations. Every
data point was used from the scaled analog strip-chart data which averaged
2000 points per orbit. Plots of amplitude versus azimuth for each trans-

mitter clevation were also produced on the Control Data Corporation Model

280 Display System (a cathode-ray tube display device on-line with the
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computer) in Step 3. These plots were compared with the analog strip- -
I
chart recordings to verify the accuracy of the scaled data. Examples of
| ]
these plots are shown in Section VI-D (Figure 17). An overlooked attenua—

tion change showed up clearly on these plots as ia 10~ or 20-dB disconti-. ;.

nuity. When serious errors occurred on an antenna/frequency channel

the data for tuis channel were reprocessed from Step 1 with aporopr1ate
correctisvus, The computer program in step 4 computed the azimuth! and }
elevation of the transmitter with respect to the antenra instead of the
location of the aircraft with respect to the GMD as was recorded in the

field. The program then computed an actual slant range and added to the

mean and median amplitudes from Step 3 a correction factor K: !

= 20 1og10(n/nn) s oo '

where R is the computed actual slant range and Rn is the normhlizing
slant range (typically 4 miles). When the Xeledop transmitter was
cos (elevation angle) was addeu

10 \ |
to the amplitude to correct for the transm1tting pattern of the Xeledop,

oriented vertically, a factor of 20 log

which was assumed to be that of a Hertzian dipole, and produce the ver-

tical polarization (EB) pattern. No correction was necessary on the !
] !
horizontal polarization (Em) patterns,

The next two steps in the processing procedure prepared the data for

) :
contouring. The amplitude values were normalized so that the max1mum
i
observed estimated median value was O dB, The amplitude values at the
! |

intersection points of an azimuth—elevation grid were found by simple TN

plane-surface interpolation, The grid was divided into 6-degree steps
. I
of azimuth from -174 degrees to +180 degree's and 2-degree steps of ele-

vation from 2 to 60 degrees. ) i ! '

31 ,




fn Steg 6 this azimuth-glevation grid was converted to Cartesian
(x and §$ c?ordinates réquired Ly the contouring program.* These gridded
values Were uséd in!the,final step to produce contour plots of amplitude
as a func;%on_of ézimuth andveleydtioh. The p;ots were produced on 35-mm
. filq on the Contrsl'Dafa Corporation Model 280 Qisplay System, The
o’ azimuéh and eI;vatipn grid lines on the plot were generated a® the same
tiﬁe 4s the contour lines, thus avoiding the problem of overlaying and
%egiétratidn. These con;our plots of e;timated‘median amplitude (in dB
relati;e to thé'maximum estimated:mediah amplitude) producr:d by the
.prdcess de;crﬁbed above ﬁre described in more detail in Section VI-B and

are presented in Appendices A and B of this report.

'

*

A proprietary item purchased from Computer Laboratories, Inc,, Houston,
f

Texas,

1
H
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VI STATISTICAL ESTIMATIONS FROM THE PATTERN DATA

The amplitude data were processed, as discussed in Section V, to
provide tabulations of the estimated statistical parameters of the pattern
data as well as contour plots of the estimated median amplitude. To be
strictly correct one should refer to these calculations as estimated
mcans, estimated medians, etc., but for simplicity these estimated statis-
tical parameters will bz referred to as means, medians, and standard de-
viations for the remainder of this report. Examples of these cal«:lated
estimators are shown in Tables 1 through 12 which show all the parameters
calculated from the orbital data to make up the two (Ee and Eo) contour
plots used to define the response of the 75-MHz horizoﬁtal dipole with
balun located in the forest, Tables 1 through 6 are derived from the Ee
data and Tables 7 through 12 are derived from the E0 data, The first
column in the tables simply indicates the interval number (remember that
the data are segmented into 10° azimuthal sectors, and these 10° sectors
were considered to be the statistical samples). The next column gives
the sample size or the number of valid points in the 10° interval. If
there were no valid points in an interval (e.g., in a pattern null where
the received signal dropped below the receiver sensitiyity), a message
indicating this was printed out. As discussed in Section V, every third
point derived from the field tape was used for the statistical calcula-
tions., If less than 30 points were found in a 10° interval, the program
would use every point in the interval--these cases are indicated with an
asterisk in the "ss" column, The next two columns are the mean azimuth
(relative to magnetic north) and mean elevation angles of the sample
interval (these values have not been corrected for parallax). Examples

of obvious clevation angle errors that have not becen corrected can be
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Table 2

STATISTICAL PARAMETERS FOR THE 73-MHz DIPOLE Wi1TH BALUN-«IN THE FOREST, B. AT 14° ELEVATIOK

5 Lgma 81 Comb ined
‘ Interval | S§ | Azimuth | Elevetion | Median | Penks [ Nulla | Medlon-Mean Mean [ Peaks | Nulls Slgme
1 42 225.0 15,2 32,00 2,16 | 3.97 0,71 «32,71 | 2.63 | 3,46 2,99
2 M| 215.0 15.2 ~32,501 3,78 | 4.1 0.10 «32,60 | 3.84 | 4,08 3,89
3 31| 20s.0 15,2 =35.50] 7,08 | 2.53 -1,92 33,58 [ 5,17 | 4,19 4.58
4 41 198,0 14,2 -29.64 1,01 1,78 0.10 -20,74 0,88 | 1,68 1.21
5 51] 185.0 14,2 ~28,21 | 1,84 '| 3,88 0.%8 ~29,08 | 2,06 | 3,16 2,54
(] 49| 175.0 13.1 =31.50] 2,57 [4.71 0,34 ~32,3413.08 14,30 3.680
7 41| 165.,0 13.1 ~35,30| 2,46 | 2,62 0,41 -35.81 | 2.53 |2.42 2.45
8 39 155.0 13,1 -36.50 13,53 | 2,34 -0,49 -36,01 13,09 | 2,53 2.76
9 441 145.0 13,1 =33.50} 4.21 { 3,13 -0,.67 -32,6313,87 | 3,47 3.48
10 38| 135.0 13,6 34,50 4,77 | 3,28 -0,.64 -33.66 | 4,36 | 3,22 3,68
1 3 125,0 13.8 -36.50| 7,09 | 2,50 -1,86 «34.54 15,50 | 4,16 4,74
12 38 115.0 14.3 -33.501 2,61 | 4,16 0,66 34,16 12,83 | 3.80 3.27
13 34 105.0 14,3 =31,00 | 2,56 4,34 0.67 -31,6712.11 3.97 3.27
14 34 95.0 14,3 =-33.,75( 3.77 | 2,93 -0,38 =33.37 | 3.66 | 3,08 3.5
15 34 83,0 14,3 =35.00} 3,42 | 3.53 0.15 =-35.1513.23 |3.3 3.25
16 33 75.0 14,3 -35.501 1,53 § 2,58 0,16 -35.68 | 1,47 | 2,39 1.82
17 4] 65,0 14.3 32,00 | 4,49 | 2,90 -0,26 =31.74 { 4,28 | 4,03 4.09
18 43 35,0 14.3 -28,57 ) 1.58 | 4,57 1.2¢8 29,88 §2,21 {23,993 2,94
19 39 45.0 14.3 =30.50; 2,03 6,30 1.94 -32.44 | 3. 41 5,02 4,08
20 40 35.0 14.3 -27.14] 1,06 {8.21 2,69 ~2v.83 | 3.23 | 7.47 4,91
21 44 25.0 13.2 ~20,46 | 2,28 5,40 1.27 =32,73 { 3.18 4.84 3.89
22 26 15.0 13.1 -20.46| 1,60 | 5.48 1,34 ~30.80 ] 2.44 | 8,87 3.70
23 44 5.0 13,2 -31.00 4,72 [ 6,19 0,53 =-31.53 | 4.57 |e6.02 5.14
24 45| 355.0 14,0 -30.00| 3,08 | 4,49 0,63 ~30.83 3,10 | 4.31 3.62
25 46 345.0 14.0 -28.92| 2.13 2.87 0,08 -29.00 | i.88 2,81 2.2¢
26 47| 335.0 14,0 -27.14| 2,90 § 2,07 -0.33 -26.79 (2,81 2,23 2.%
27 49| 325.0 14,0 ~24.841 1,04 JoO.68 -0,24 -24,40 | 0,82 |0.72 948
28 48 | 315.0 14,0 -24,23 | 1,21 1.92 0,24 -26.49 1,33 | 1,88 1.8
29 46 305.0 14.0 ~25,71 | 2.34 3.82 0,8 =-26.07 [ 2,368 3.55 2,2}
30 47| 295.0 14,0 -25.35] 3.31 | 3.04 0.93 -25.38 ] 3,03 | 3,01 2.99
3 47| 28s5.0 18,9 -28,92| 2,68 | 4,23 0,30 ~29,22) 2,86 | 3,99 3.3
32 36| 275.0 14,0 -28,921 1,08 | 4.869 1,07 ~20.99 | 1,861 | 5,14 2,94
33 42| 2865.0 14.0 -28,03 | 1,68 | 5,07 1,28 -29,29{ 2,52 | 4.92 3.51
34 47| 285.0 14.0 =31.00| 2,51 | 3.59 0,22 -31.22{ 2,% ] 3.40 2,90
3s 36 | 243.0 14,0 -34.30 | 3,07 | 3,58 0,07 ~34,57| 2,87 | 3,52 3.1
36 21} 235,0 14,0 -38.50] 4,27 |1, 21 -0,80 37,90} 3,60 | 1.42 2,18
a7 46 225.0 14,0 -35.25 ] 3,7 1.4% -1,02 -34,23 | 2,99 2,33 2.62
38 40} 215.0 14,0 -31.830]1 2,35 | 4,45 0,83 =32,33] 2.94 | 4,08 J.41
39 24| 205.0 14.0 -36.00 ) 7,37 | 2,72 i 2,17 -33.83} 5,52 | 4,87 4,96
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Table 3

STATISTICAL PARAMETERS FOR THE 75-MMHa DIPOLE WITH BALUN--1X THE FOREST , le AT 25° ELEVATION

lan ‘ llrn Comsbined

Interval | 88 | Azimuth | Elevation | Medtan | Peska | Nulla Medisn-Mean | Mean Peaka | Xulls Sigma
1 39| 285.0 24.9 =31.00]1.88 | 3,40 0,76 =31.76 | 2,19 | 2,78 2.43
2 39 ] 245.0 24,9 -28.28 11,37 § 3,63 0.84 =35,12 2,02 | 3.45 2,62
3 40 | 23s.0 24.9 =32.00] *.37 | 3,68 0,60 =32.60| 2,60 | 3.63 3.01
4 39| 233.0 24,9 20,640,903 | 2,70 0.67 =30,31}1.43 |32.17 1,73
3 40 215.0 24,9 -26.28 | 6.7 |1.73 0.38 -26,63] 0,94 |1.62 1,23
[ 40 208,u 24,9 -29,10 ] 2,18 1,77 =0.18 -28.92 | 2,03 | 1,93 1.9
7 39 195.0 24,9 -28,21|2.63 |35.36 1,08 =-29,26 | 3,59 | 4.35 - 4,00
s 32| 18s.0 24.9 -28.21|3.41 | 3,82 0.86 -29.07}3,73 |5.30 | 4.4
9 | 173.0 24.9 -29,28 | 1.68 | 5,15 1,20 =30.48 | 2,50 | 4.48 3,38
10 40| 168,0 24.9 -28,03] 1,68 3,12 0,680 -28.6312,14 [2,76 2,40
11 39 183.0 24.9 28,57 | 2,01 | 3.20 0,28 -28,82 | 1,93 | 3.02 2.4
12 n 145.0 24,9 -34,5013,13 | 2,78 =0,37 =34,13 | 2,81 | 2,89 2,70
13 29 133.0 24,9 ~33.00}2.33 | 3,73 0.61 =33.61| 2,82 | 3,13 2,93
14 33| 12,0 24,9 -32,00 | 3,63 | 3,34 0,37 =31.63 ] 3,27 | 3,33 3,36
13 40| 113.0 24.8 =30,50 | 1.90 | 1,98 0.00 -30,30 ) 1.78 |1.98 1.82
16 36| 108,0 24,6 =34.28 | 4.2 3.00 -0,63 =33.62 | 3,80 |3.45 3,57
17 37 95.0 24,6 -28,92 | 1.47 | 2,64 0,38 -29.47| 1,60 | 2,42 1,94
18 32 83,0 24,6 =34.30§ 2,% | 2,82 0,08 -34.98 | 2,41 | 2.7 2,33
19 33 78.0 24.6 =36,%0|1.23 | 2,23 0.41 -38.91|1.43 | 1,87 1,62
20 24 65.0 24,8 =33.50 | 2,20 | 3,68 0,44 =33.84| 2,30 | 3.28 2,68
21 38 53,0 4.6 -29.28 ] 2.00 | 2,37 0,07 ~-29.35| 1.81 | 2,32 2.10
22 39 45,0 24.6 28,42 2,40 | 2,76 0,23 -26.63 | 2,53 | 2,58 2,31
23 38 38.0 4.6 -23,89 | 3,06 | 2,17 -0,40 =23.49 | 2,78 | 2,48 2,39
24 38 23,0 24,6 -24.8211.83 | 1.80 -0,01 -24.81 | 1,84 | 1,81 1.80
23 39 15,0 24,8 ~23.92| 1,78 { 1.88 -0,12 -23,80| 1.68 1,63 1,63
26 39 5,0 24,6 ~-23,711 2,01 [ 2,33 0.10 -23.81 ) 1.84 | 2,26 2,01
27 40 | 383.0 24.6 -23.37) 1.68 | 2.98 0,20 =-23.77] 1,87 | 2.82 2,08
28 39| 348.0 4.6 =20,71 1,74 | 2.46 0.27 -20.98 | 1,96 | 2,21 2,08
29 394 338,0 24.6 -22,5011.3% 11,27 0,11 -22,39 | 1,46 | 1,27 1,34
30 39| 328.0 4.6 -24,28 | 3.25 | 2,68 -0,15 =24.13 | 3,10 | 2,85 2,73
3 44 318.0 24,6 -23.37{ 1,63 |} 3,12 0,28 -23.82 | 1,68 | 2,94 2,28
32 40§ 3038.0 24,6 -28.101( 3,54 | 4.77 0.46 =-20.56 | 3.83 | 4,52 4.12
a3 41 295.0 24,6 -27.83 | 2,04 Z.21 -0.03 -27.77{ 1,97 2,16 2,04
34 | 2183.0 24,6 32,50 3,95 | 3,93 -0,09 -32,41| 3.88 | 3.87 3.80
33 42| 275.0 24,6 ~28.271 1,035 | 0.83 =-0.14 -28.43 | 0,92 | 0.74 0,80
36 42 ] 268.0 24,6 30,30 3,45 {3.09 -0,19 =30.31( 3,27 |3.03 3.10
37 38 | 283.0 24.6 =33.00{ 2,72 { 3,39 «0,0» 32,93 | 2,87 | 2,92 5,77
38 40 | 245.0 24,6 -?9.28 | 1,85 | 5,69 1,67 =30.93 | 3,08 | 4,39 3.69
v 38 { 233,0 24,6 -32,50 | 2,85 | 3.62 0,23 -32,73, 2,94 | 3.42 3.13
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‘fable 4

STATISTICAL PARAMETERS FOR THE 75-MHz D1POLE WITH BALUN--IN THE FOREST, Ee AT 33° ELEVATION

Sigms Sigma Combined
Interval | 8S | Azimuth Elevati > | Median | Peaka | Nulls | Medlan-Mesn| Mean { Peaks | Nulls Sigms
1 39| 155.0 33.0 =-28.42 | 2,43 | 3.11 0,15 =-28,57 | 2.07 } 2.99 2,43
2 40| 145.0 33.0 -25,00 | 2,50 | 2,32 -0,06 =24.94) 2,45 | 2,08 2,22
3 38| 135.0 2.1 -28,39 { 3,81 | 3,51 =-0,18 -28,21 | 3.65 | 3.66 3.81
4 381 125.0 32.4 -20.10 | 2,10 | <.90 0,21 -29,31)2,08 3,11 2,49
5 38| 115.0 32,9 ~27.85 | 0,93 | 2,43 0.21 -28.06 | 0,92 | 2,25 1,42
6 38| 105.0 32,9 -32,85 { 5,04 2,08 -1,27 =31.581{ 4,51 2,77 3.43
7 39 95.0 32,9 -28,42 | 1.21 | 2,81 0,50 -26,92| 1,49 | 2,90 2,11
8 36 85,0 32,9 =31,42 15,74 5,81 -0,55 -30.87{ 5.21 5.38 5,23
9 34 75.0 32,9 -35,.23 | 2.74 2,40 0.07 -35.30| 2,45 | 2,33 2,36
10 28 85.0 32,9 =-32,14 | 1,98 | 4,23 0,59 -32,731 2,28 | 4,42 3.18
11 38 55.0 32.9 -29,28 | 2,38 | 5,07 1.12 ~30.40 | 3.02 | 4,27 3.58
12 38 45.0 32,9 -24,64 11,34 1,38 0,13 -24,77(1.,29 | 1,24 1.25°
13 35 35.0 32,9 -21.78 1 0.75 1,77 0,47 -22,25( 1.01 1,42 1.17
14 38 25,0 32.9 -18,48 | 0.55 1.37 0.26 -18,741 0,78 | 1,17 0,98
15 37 15,0 32.9 -18.78 | 0.87 1,01 -0.02 -18,78 | 0.85 | 0.91 0,87
16 40 5.0 32,9 -18.48 | 0,81 3.99 1.10 -19.58 1 1,53 | 4,08 2,44
17 38| 355.0 32.9 -17.11 | 0.21 { 3,10 1.15 -18,26 [ 1,18 | 2,96 1.83
18 37| 345.0 32,0 -17,57 | 0.42 1,74 0,47 -18,04 | 0,88 1,68 1,05
19 39| 335.0 32.9 -20,35 | 1,88 1,85 -0.10 -20,25| 1,79 1,83 1.78
20 38 325,0 32.9 -22,85 11,04 0,92 0,04 -22,89 | 0,99 0,88 0,93
21 39 315.0 32.9 -22,85| 2,18 | 3,00 0.14 -22,99 | 2,14 | 2,88 2,45
22 39| 305.0 32.9 -22,85|0.64 | 0.90 0,19 -23.04§ 0,69 | 0,72 0,70
23 40| 295.0 32,9 -23.21{ 0,86 1.17 0,17 -23,38| 0.89 | 1,01 0,93
24 38| 28:.0 32,9 -25.53{ 1,91 1.74 -0.11 -25,42| 1,80 | .84 1.80
25 39| 2715,0 32,9 -22.85 | 0.81 1,73 0,35 -23,20( 0,96 | 1,43 1.17
28 40 265,0 32,9 -23,57 1 1.81 2,20 0,13 -23.70( 1,61 2,09 1,81
27 42| 255.0 32,9 -28,39 | 0.79 1.47 0.22 ~28.81| 0,88 | 1,51 1.14
28 27| 245,0 32,9 -34,28 1 3,24 7,50 0,33 -34.81§ 3,11 | 3,21 3,09
29 32| 235.0 32,9 -32,82| 2,31 | 4,04 0.65 -33.26 | 2,83 | 3.62 3.17
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STATISTICAL PARAMETERS FOR THE 75

Table 5

=MHz DIPOLE WITH BALUN--IN THE FOREST, EO AT 45°

ELEVATION

i

Interval | S8 | Azimuth Elevation -1:_'“._ Peiaiw | Sl ls

No points in Interval 1

No points in Interval 2

No points in Interval 3

No points in Interval 4

No points in Interval §

No points in Interval 6

No points in Interval 7
8 15| 285.0 44.6 AL T I P
9 29 [ 275.0 44,9 =l d0 | Q.8 | nonad
10 27| 265,0 44,9 =EJ.NB | 4,00 | B ms
11 191 255,0 44.9 sPPLEL | BER | oL
12 30| 245.0 44,9 =3, N il | R
13 29| 235,0 44,9 =B AT | 0@ | Em
14 29 ( 225,0 44,9 =M. 00 | @00 | aau
15 25 215.0 44.9 =00, 20 | 1.0 | 3.nw
16 311 205,0 44,9 =00, 80 | 0.0 | tyut
17 32| 195.0 45,2 -H8, | 8 | {omn
18 31| 185,0 46,2 a0 e |0
18 311 175.0 16,2 =S LT | B
20 32| 165,0 46,2 =Wl A% | BumD | §, 08
21 31| 155.0 46,2 o P T
22 31| 145.,0 46,2 ~ER B4 | B nE | 1.
23 28| 135,0 45.8 =ALAT [ @ re | w8
24 30| 125.0 45,8 =EN;W | 56 | p.mn
25 30| 115.0 45,8 ~EE BT ) il
26 31| 105.0 45,8 o L B B
27 29 95,0 45,9 «M1.00 (o.ew | j.on3
28 31 85.0 46,5 ~ELET | h.mE |, e
29 28 75.0 46,5 =i kg L | B ar
30 35 65.0 45,8 bt L E T
31 32 55.0 45,5 =al =P | LY | 180
32 27 45.0 45.5 P B O - T
33 28 35.0 45.5 h LS L R Y
34 26 25.0 45.5 LU I T
35 32 15,0 45,5 -in | Lm0 | 3ay
36 26 5.0 45.5 -0E 34 | Gy | ouma
37 32| 3s5,0 45,5 LT T T ]
38 28| 345,0 45,5 - | oap | oo
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Table 6

STATISTICAL PARAMETERS FOR THE 75-MHz DIPOLE WITH

BALUN--IN THE FOREST, Ee AT 55° ELEVATION

Sigma Sigma Cnmbined
Interval | 8§ | Azimuth | Elevation | Median | Peaka | Nulls | Median-Mean | Mean | Peaka | Nulls Sigma
1 25 225.0 57.3 -35.23|1.28 | 1.53 -0.05 -35.16 | 1.23 | 1,24 1,21
2 22 215.0 57.3 -30.95|0,92 [1.45 0.13 -31.08 10,92 | 1,32 1.07
3 26 205.0 56.5 -30.00]0,42 | 1.89 0,66 -30,66 | 0.71 1.70 1.07
4 22 195.0 55.2 -34,52 | 0.65 1.30 0.32 -34,84|0,82 |[1.21 0.95
5 28 185.0 54.1 -33.80 | 2,34 | 1,62 -0.37 -33.43 (1,98 | 1,97 1,94
6 28 175.0 53,7 -31.90 | 1.12 | 0.88 -0.20 -31,70 | 0,93 | 0.61 0.85
7 27 185.0 53.2 -28.57|0,48 | 1.19 0.13 -28,70 10,45 1.06 0.66
8 28 155.0 53,6 -28.57|0.72 0,50 -0.14 -28,43 [ 0.59 | 0,45 0.51
9 28 145,0 55.1 -29.46 | 0,91 | 0.71 -0.08 -29.36 | 0.84 (0,78 0,80
10 23 135.0 56.5 -30,95]0.67 | 1.10 0.00 -30.95§0.67 | 0,61 .0.73
11 25 125.0 57.6 -32.85|1.18 | 2,75 0.73 -33.56 [ 1.32 | 2,36 . L72
12 22 115,0 57.8 -33.3311.20 | 1.09 -0.,09 -33.24|1.12 | 0,90 0.97
13 28 105.0 56.0 -33.33]0.75 | 1,04 0,03 -33.36§0.63 | 1,01 0.77
14 25 95,0 55.6 -31.42 | 1.15 | 0,83 -0.09 -31.33}11.08 | G.68 0.61
15 2% 85,0 55.6 -38.60 | 0,00 | 0.00 0.00 -36.80 { 0,00 | 0,00 1.01
No pointa in Interval 18
17 17 65.0 55.9 -36.19 | 2,10 | 0.80 -0.40 -35.79 | 1.72 | 1.08 1,33
18 28 55.0 57.4 -35,23(1.09 | 2.33 0.52 -35.75|1.26 | 2.10 1.59
19 19 45,0 57.8 -29.64 | 4.17 | 2,83 -0.93 -28.711| 3.27 | 3.21 3.15
20 25 35.0 57.5 -22,85|0,78 | 1.82 0.40 -23.2510,95 1.23 1.08
21 23 25,0 55.3 -21.07|1.46 | 1,03 0.11 -21.16 | 1.07 | 0.93 0,98
22 28 15.0 55.5 -19.3910.37 | 0,53 0.18 -19,57 | 0.28 | 0.37 0.32
23 25 5.0 55.2 -19.39 | 0,58 | 0.35 -0.17 -19.22(0.42 ] 0.30 -0.35
24 26 355.0 55.1 -16.76 | 1,11 | 0.74 -0,22 -18.56 | 0.92 | 0,72 0.80
25 23 345,0 55.1 -19.09 | 0,98 | 0.99 0.17 -19.26 | 0.68 | 0,84 0.74
26 18 335.0 55.2 -19.685)0.,31 | 0,51 0,09 -19.9310.39 ]0.43 0.40
27 26 325.0 55.9 -20,350.85 | 0.50 -0.03 -2Q,32 10,62 {0,444 0.51
28 20 315.0 54.7 -20,35|0.64 | 0.66 -0.10 -20.25 | 0.53 | 0,55 0.53
29 26 305.0 54.1 -18.46 | 0,46 | 0,69 -0.04 -18.440.42 0,37 0.24
30 27 295.0 54,2 -20,35)0,83 | 2,67 0.60 -21,15 1,54 | 2.26 1.65
31 25 285.0 53.9 -24.28 | 1.10 | 0.88 -0.01 -24,27 | 1,08 | 0.79. 0.90
32 28 275.0 53.5 -23,92 | 0,83 | 1.50 0.25 -24.17 {1 1,00 | 1,28 1.11
33 23 265.0 54,4 -23,9210.75 (0,59 -0.15 -23.77 | 0.61 |0.58 0.57
34 23 255.0 54.8 -25.71 | 0.85 | 2,20 0.73 -26.44 | 1.34 1.46 1.37
33 16+ 245.0 55.9 -29,10 | 0,71 | 1.64 0,22 -29,3210.74 | 2,28 1.20
36 11 235.0 55.1 -37.14{2.686 | 1.12 -0.486 -36.68 | 2,23 1,48 1.78
37 42 225.0 55.1 -29,64 | 3,41 | 4.97 0.84 -30.46 { 3,90 | 4,26 4,01
36 23 215.0 54.2 -20,71]0.78 | 1,56 0,38 -21,09 (0,93 [ 1.35 1.08
-
See text,
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Table 7

STATISTICAL PARAMETERS FOR THE 75-MHz DIPOLE WITH BALUN--IN THE FOREST, E0 AT 5° ELEVAiTON

! Sigma Signa | ‘mbined
Interval | S | Az4muth | Elevation | Median | Peaka Nulls | Median-Mean Mean | Peaks Nulls ! Sigma
1 37 135.0 5.4 -34.28 [ 2.26 2,98 0.17 -34,45] 2,28 | 2.84 2,52
2 44 125,0 5.4 -33,09 | 2,08 | 4.05 0,81 -33.90 | 2.52 | 3.89 3.08
3 40 | 115.0 5.4 -31.42 | 2,44 | 3.27 0,04 -31.46 | 2,06 | 3.24 2,56
4 40 105.0 5.7 -32.85(1.83 | 4.71 1,27 -34,12 | 2,47 |4.00 3.13
5 40 95,0 6.5 -30,47 | 1,63 | 4.50 0,93 -31.40 | 2,32 | 3.71 2,94
6 41 85.0 8.5 -24,28 { 2,08 | 7,06 1,63 -25,9113.24 | 6.86 4,80
7 42 75.0 8,4 -27.32 | 2,07 1,76 -0,18 -27.14 (1,91 [1.92 1,89
8 47 85.0 7.8 -24,64 | 1,55 1,71 0,06 -24,70 | 1,40 1,65 1.50
9 43 55.0 8,6 -25,35 | 1.99 1,57 -0,20 -25,15| 1,82 1,67 1,72
10 42 45,0 5.8 -23,39 | 2,43 | 4.53 1,00 -24,39 | 3,13 | 3.93 3.45
11 48 35.0 5.7 -20.89 | 1.72 | 4.09 0.85 -21,74 2,23 | 4.02 2,99
12 45 25,0 5.4 -23,57 | 2,64 | 2,28 -0,10 -23.47 2,55 | 2.15 2,32
13 43 15,0 5.9 -24,84|1.,78 3.04 0,72 -25,36 | 2,12 | 2,40 2,22
14 46 5.0 6.2 -29.82| 2,44 | 2.34 -0,11 -29,71} 2.35 | 2.43 2,36
15 42§ 355.0 5.5 -34.28 | 7.37 3.60 -1,63 -32.65| 6,24 | 4.63 5,31
16 46 | 345.0 5.5 -34,76 | 2,95 | 2.96 -,04 -34,72( 2,91 | 2,81 2,82
17 23| 335.0 5.6 -35.71 | 3.09 2,88 =-01,17 -35.54} 2,92 | 7.88 2,83
18 44 325.0 5.6 -35,23 | 8.89 2,95 -2.45 : -32,78 | 7,00 4,81 5,73
19 45 ; 315.0 5.6 -25,35 1| 2,60 1,48 -0,51 -24,84| 2,32 |1.77 1,99
20 .w } 305,0 5.6 -20,53 | 1.47 5,58 1.68 -22,21| 2,76 | 5.04 3.66
21 41 | 295,0 5.6 -16,36 | 1,19 1,77 0.20 -16.56 | 1,29 | 1,58 1,40
22 39 | 285.0 5,6 -15,75{ 1,38 1.10 -0.08 -15.67 1,32 | 1.09 1.19
23 43} 275.0 5,8 -12,72 | 0,67 2,74 0.74 -13.46 | 1,12 | 2,41 1.62
24 39 [ 265.0 5.6 -14.54 | 2,04 | 0.95 -0.47 -14,07 | 1.86 1,18 1.45
25 39| 255.0 5.8 -13,63 | 0.68 1,05 0,19 -13,82 (0,76 | 0.88 0,81
26 39| 245.0 5.6 -13.03 | 1,00 1.81 0,39 -13.,42| 1,23 1,53 1,35
27 43 | 235.0 5.6 -13,93 | 0,66 | 0,73 0,03 -13.96 } 0,54 [ 0,70 0,60
28 43 | 225.0 5.6 -15.1510.39 | 0.68 0.10 -15,25| 0,34 | 0.59 0.44
29 43| 215.0 5.6 -19,09 | 1,82 1.46 -0.36 -18,73| 1.62 | 1.31 1,42
30 41 | 205.0 5.0 -20,71| 1,25 | 3.21 0,99 -21,70 | 1.85 | 2.48 2,12
31 41 195,0 5.0 -23,21| 2,75 | 4.09 0.73 -23,94 | 3,35 | 3.37 3,32
32 43 185,0 5.0 -25,71 1 1.51 2,14 0.12 -25,83) 1.44 | 2.05 1,71
33 40| 175,0 5.0 -32,62 | 3,49 | 3.51 0,01 -32.63) 3.51 | 3.50 3.46
34 33| 165.0 5.0 -30,00 | 1,50 | 4.01 1.12 -31,12| 2,39 | 3.10 2,69
35 27 155,0 5.0 -36.68 | 2,58 | 2.50 0,09 -36,75| 2,45 | 2.42 2,39
36 29 145.0 5.0 -36,19 1 2,03 | 2.29 0,18 -36,37 | 1,95 | 2.14 2,01
37 39 135.0 5.0 -35.23 | 3.90 | 2.88 -0,64 -34,59 | 3,50 | 3.04 3.20
38 30 125,0 5,0 -36,18 | 2,70 | 2,59 0.11 -36,30| 2,79 | 2.49 2,59
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STATISTICAL PARAMETERS FrR THE 75-MHz DIPOLE W1TH

Table 8

BALUN-~IN THE FOREST, EO AT 13° ELEVATION

. Sigma Sigma Combined

Interval | 8§ | Azimuth | Elevation | Median | Peaks | Nulla [ Median-Mean | Mean | Peaka| Nulls Sigma
1 37| 335.0 13.6 -31.90 | 2,42 | 4.86 0.64 -32,64 | 2,74 | 4.48 3.49
2 40| 325.0 13.7 ~19.85{ 1.87 | 5,97 1.61 ~21,46 | 3.04 | 5.61 4,05
3 40 | 315.0 13.8 ~20.53711.08 | 0,98 -0,04 -20.50 { 1,05 | 1,01 1.02
4 37 305.0 13.8 -17.35  2.,41 | 1.08 -0.686 ' -16.69 (2,01 | 1.41 1.65
5 41 | 295.0 13.8 -13.82 10.85 | 1.40 0.23 -14,05 | 0.97 | 1.21 1,08
6 37| 285.0 13.8 -12.35|1.54 | 3.17 0.73 -13,08 | 2.13 | 2.56 2.31
7 40 | 275.0 13.3 -11,17 [ 0.52 | 0.38 -0.08 -11.11 1 0,48 | 0,29 0.36
8 40 § 265.0 13.3 ~10,44 | 0,47 | 0,57 0.04 -10,47 { 0,51 | 0.53 0.52
9 38| 255.0 13.4 -9,76 | 0.63 | 0.43 -0.11 ~9,65 | 0.53 | 0.36 0.43
10 37| 245.0 13.7 -10,95{1.74 | 0.80 -0,21 -10.74 | 1.56 | 0,85 1.15
11 37 235.0 13.7 ~10.47 { 0,49 [ 0,73 0.19 -10,66 | 0.50 } 0,55 0.52
12 40 | 225,0 13.7 -13,96 | 1,30 | 1,14 -0,086. -13.91 | 1.256 | 1.19 1.20
13 41 215.0 13.7 -17.05 | 0.91 0.65 -0.01 -17.,04 | 0,90 0,59 0.71
14 39| 205.0 13.7 -16,47 | 0.86 | 0.86 -0.03 -16.44 10,83 | 0.83 0.82
15 36| 195.0 13.7 -19.41 j0,64 | 1,01 0.13 -19.54 | 0,59 | 0,91 0.73
16 35| 185.0 13.7 -20.35]1.87 | 5.36 1.46 -21.81}3.18 | 3,92 3.49
17 341 175.0 13.7 -25,53 | 1.82 | 1.73 -0.18 25,35 | 1.67 | 1,86 1.74
18 38| 165.0 13.7 -26,07 [ 3,16 | 6.55 1.32 -27.39 [ 3.83 | 5.72 4,59
19 331 155.0 13.7 -33.33 | 4.12 | 3.56 ~0, 06 ~-33.27 | 4.06 | 3.30 3.58
20 23 145.0 13,7 -35.23 | 3,97 2.80 -0.54 -34.69 | 3.65 3.02 3 23
21 29| 135.0 13.7 -24.64 (1,29 | 8,96 2,20 -26.84 {'2,85 | 9,92 5.21
22 40 | 125,0 13.7 -23,21712,25 |3.25 0.25 -23,46 | 2.24 | 3,05 2.60
23 391 115.0 13.7 -20.71|2.,66 |1.05 -0,77 -19.94 (2,33 } 1.43 1.77
24 39 | 105,0 13.7 ~19,70 { 1.86 ! 1,19 -0.29 -19,41 1,62 |1.27 1.42
25 40 95,0 13,7 -20.3511.37 2,92 0.63 -20.98 1 1.69 2,53 2,03
26 36 85,0 13.7 -15,58 [ 1,84 | 2,40 0.32 -15,91 [ 1,90 | 2.16 2.00
27 41 75.0 13.7 -13,23 | 0.61 ] 0,44 -0.08 -13,15 [ 0.54 | 0.47 0.50
28 41 65,0 13.7 -13.23 | 0,53 0.31 -0.16 -13,07 | 0.40 0.32 0,36
29 3s 55.0 13.7 -15.29|1.88 | 0.55 -0,60 -14,69 {1.63 | 0.86 .16
30 40 45,0 13,7 -14,41 {1.50 |o0.70 -0,30 -14,11 11.23 | 0.87 1 02
31 41 35.0 13.7 ~14.41 [ 1.03 | 1.99 0.48 -14,89 (1,38 | 1,59 1.46
32 37 25.0 13.7 -17.64 10,78 | 1.68 0.44 -18,08 (1,11 | 1.30 1,18
33 38 15.0 13.7 -22.85 | 3,98 | 2.05 -0,68 -22,17 13,98 | 2,13 2,74
34 43 5.0 13.7 -22,50 | 1,57 | 0.82 -0.53 -21.97 |1.20 | 0,87 1.01
35 40 355.0 13,7 -23,03 | 1.97 2,53 0.25 -23.28 | 2.03 2,51 2.22
36 45| 345.0 13.7 -28.92 | 2,62 | 5,07 0.96 ~29.88 (3.29 | 4.39 3.80
37 36| 335.0 13.7 -33.80 | 3.45 | 4.35 0.51 -34,31 | 3.38 | 4,17 3.67
38 43 | 325.0 13.7 -28,92 5,286 | 3.50 -0,95 -27.97 {4.87 | 3.85 4.25
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Table 9

STAT1ST1CAL PARAMETERS FOR THE 75-MHz D1POLE W1TH BALUN--1N THE FOREST, E0 AT 25° ELEVAT10N

Sigma Sigms Combined

Interval | SS | Azimuth | Elevation | Median | Peaks | Nulls |{ Medisn-Mean | Mean | Pesks | Nulls Sigms

1 38 5.0 25,8 -20.71 10.97 | 2.43 0.58 -21.29 | 1,33 2,08 1.66

2 39 355.0 26,2 -27.50 15.79 | 3.57 -0.99 -26,51 | 5,05 3.96 4,38

3 38 345.0 25,7 -25.53 [ 1.86 |2.14 0.16 -25,69 [ 1,99 2,00 1,97

4 36 335.0 25,7 -33.80 | 2.42 3.58 0.51 -34,31 | 2.36 3.37 2,75

5 38 325.0 25.7 -26,96 | 3.10 | 3.81 -0.11 -26.85 | 3,00 | 3.88 3.42

6 39 315.0 25.7 -24.64 | 2,63 2.83 0.30 =-24,94 | 2.51 2,55 2.30

7 36 305.0 25,7 -21.42 | 1.68 2,94 0.54 -21.96 | 1.90 2,52 2,15

8 39 295,0 25,7 -18,.47 { 1.06 1,76 -0,03 -16.44 | 1.03 1,08 1,04

9 35 285.0 25.7 ¢ -18.52 { 1,61 [ 0.95 -0,32 -18,20 | 1,34 1.16 1,23

10 38 275.0 25.7 -16.47 1 0.71 |[0.37 -0.23 -16.24 | 0,52 | 0,39 0.45

11 37 265,0 25,7 -11.76 | 0.83 | 2,63 0,39 -12,15 | 1,03 2,27 1.51

12 39 255.0 25.7 ~11,76 | 0.87 |[0.38 -0.13 ~11.63 | 0,75 0.41 0.55

13 37 245.0 24,7 -10,00 | 0,32 1.00 .20 ~10.20 | 0.41 0,82 0.58

14 39 235.0 24,7 -12,50 [ 0,93 | 0.49 -u,14 -12,36 | 0,79 0,58 0.67

15 35 225.0 24.7 -12.50 | 0.38 2,23 0,72 -13,22 | 0,90 1,78 1.24

16 38 215,0 24.7 -16,78 | 0.97 0.97 0,01 -16,79 | 0,78 0.96 0.84

17 39 205.0 24.7 -16.42 | 0.83 | 0.76 0.10 -16.52 | 0,63 0,67 0.64

18 37 195.0 24,7 -16.42 [ 0.54 | 0.56 -0.01 -16.41 | 0,53 0.34 0.40

19 37 185.0 24,7 -20.35 (2,06 [1.15 -0.13 -20,22 | 1,95 1,12 1,46

20 38 175.0 24,7 -23.57 | 1,77 1.17 -0.15 -23.42 | 1.63 1.07 1.28

21 36 165.0 24,7 -23,92 { 2,47 | 1,31 -0,52 -23.40 | 2,04 1,64 1.80

22 37 155,0 24.7 -30.47 | 3.01 3.99 0,20 -30.67 | 2,94 3,82 3.30

23 26 145,0 24,7 -31.67 | 3.09 4.86 0.83 -32.49 | 3.7 4,27 3.90

24 34 135.0 24,7 -30.47 {4.19 {4.23 -0.23 -30.24 | 3,97 4.15 4,01

25 39 125.0 24,7 -22,85(1.34 { 2,04 0.30 -23.15 | 1.34 1,78 1,52

26 34 115.0 24,7 -16.76 | 1,36 1.75 0.04 -16.80 ; 1,19 1.72 1.42

27 w7 105.0 24,7 -14.41 | 0.57 | 0.67 0.04 ~14.45 | 0.45 0.63 0.52

28 33 95.0 24,7 -15.58 [ 0.72 | 0.55 -0,12 -15.46 '0.81 [o0.52 0.55

20 36 85.0 24.7 -12,50 { 0.84 | 2,26 0,66 -13.16 | 1,39 1,78 1.54

30 36 75,0 24,7 -11.76 | 0,94 1,00 0.16 -11.92 { 0.70 0.87 0,78

31 36 65.0 24,7 -12,94 11.43 | 0.94 -0.20 -12,74 | 1.25 0,97 1.09

32 38 55,0 24,7 -10,88 | 0.31 1.60 0.48 -11.38 | 0.62 1.40 0.94

33 19 45,0 24,7 -10.88 | 0,00 | 0,64 0,23 | -11,71 ] 0,29 0.44 0,36
No points in [nterval 34
No points in Interval 35
No points in Intervsl 36
No points in Interval 37
No points in Interval 38
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: Table 10

STAT1STICAL PARAMETERS FOR THE 75-MHz DIPOLE W1TH BALUN-~IN THE FOREST, Eo AT 33° ELEVATON

Sigma Sigma Combined
Interval | SS | Azimuth | Elevation | Median | Peaks | Nulls Median-Mean | Mean | Peaks | Nulls Sigms
-1 41 35.0 32.9 -17.2710.52 | 0.77 0.09 -17.36 | 0.53 | 0.68 0,60
2 37 25,0 32,9 ~19.69 | 1.10 |0.94 -0,09 -19.60) 1,02 | 0.66 0,92
3 37 15.0 32,9 -22,14]0.99 |o0,97 -0.09 -22,051 0,90 [0.96 0,92
4 35 5.0 32.9 -24,64 2,99 | 2,26 -0,37 ~24,27 2,72 | 2,45 2,54
5 26| 355.0 33.3 -29.82 2,19 |3.10 0.34 ~-30.16 | 2.41 | 2,93 2,61
6 .33 345.0 33.9 -33.3313.18 | 3.63 0.25 -33.5812.79 | 3.62 3.11
7 371 335.0 34,2 -35.23 {1.54 2,71 0.52 -35.75|1.67 | 2,41 1,96
8 32| 325.0 34,2 -33.80 | 4.43 3.32 ~0,65 -33.15 | 3,80 | 3,66 3.66
9 34| 315.0 33.4 ~-32.85 [ 4.39 4,64 0.27 =-33.13 | 4.63 | 4.38 4.44
10 38| 305.0 32,1 -31.87 2,52 |4.40 0.66 -32,5213.23 |3,73 3.43
11 42 | 295.0 32.1 -21,96 { 0.63 2,43 0.69 -22.651.39 | 1,99 1.65
12 39| 285.0 33.5 -23.57 | 1.89 1.15 -0,40 -23.17 | 1.55 1.36 1,43
13 35| 275.0 33.8 -20,71 | 1.56 0,88 -0.35 -20.36 |1.28 | 1,02 1,14
14 35| 265.0 34.9 -18.78 [ 0,98 | 0.67 0.02 ~18.80 (0,77 | 0.85 0,79
15 37| 255.0 33.5 -19.09 | 1.03 1.54 0,02 -19.1110.65 | 1,53 1.10
16 40 | 245.0 32.3 -19.09 | 1,06 | 0.43 -0,16 -18.93 1 0.94 | 0.47 0,66
17 38| 235.0 32.3 -19.09 {0.62 |0.44 -0.05 -19.04 | 0.56 | 0.43 0.49
18 37| 225.0 32.5 -18,78 | 0.95 1,12 0,03 ~18.61 [ 0,93 1,09 0.99
19 38| 215.0 33.4 -21.78 | 1.98 | 0.52 -0.62 -21.16 | 1.58 {0,98 1,23
20 36 [ 205.0 33.7 -18,94 { 1.83 1.62 -0.09 -18.85 | 1,75 1,70 1,70
21 36| 195.0 33.7 ~17.57 | 0.686 1.51 0.35 -17.92 | 0,88 1,28 1,05
22 37| 185.0 33.7 ~-20,71 [ 0.72 0.86 0,00 -20.71]0.63 [ 0,68 0,73
23 36 ] 175.0 33.7 -26.25 | 3,38 2,37 -0,37 -25.66 | 3,06 | 2.69 2,64
24 33| 165.0 33.7 -36.19 | 4,03 2,08 -0,73 -35.46 1 3.56 | 2,37 2,68
25 24| 155.0 33.7 ~34.76 | 3.19 | 4.14 0.44 ~35.20 | 3.26 | 3.73 3.42
26 28 145.0 33.7 -35.23 | 2.05 2,05 0.00 -35.23 ) 1.6 | 2,05 1.89
27 20| 135.0 33.7 -33.80 | 2,86 4.14 0.5 -34.36 | 3,22 | 3,84 3.42
28 36 | 125.0 33.7 =03.53{1.18 2,80 0.66 -26.19 | 1.68 | 2.46 2,01
29 34 115.0 33.7 -21,96 | 1.24 5.19 1,37 -23.33 (| 2.12 | 5,96 3.45
30 44 105.0 33.7 -17.57 { 0.71 1.44 0,24 ~-17.81 ) 0,81 1.25 1,01
31 RE 95,') 33.7 ~18.46 | 0.61 | 0,51 -0,06 -16.42 | 0.55 | 0,47 0.50
32 34 85,0 33.7 -18.94 | 2,52 1.47 -0,53 -18,40 | 2,06 1.92 1.96
33 35 75.0 33.7 -18.66 { 0,47 | 0.85 0.24 -16.90 | 0.59 | 0.62 0.60
34 38 65.0 33.7 -18.78 | 0.57 | 0.64 0.03 -18.8110.39 [ 0.61 0.46
35 37 55.0 31,7 -17.27 (0,72 |} 0.81 0.08 -17.35} 0,58 | 0,74 0.64
36 37 45.0 32.4 -16.66 | 0.43 0.57 0,08 -16,74 0,40 | 0,49 0,44
37 31 35.0 33.0 ~16.48 | 0,59 [ 0,88 0,17 -18.6510.60 | 0,73 0,65 4
38 35 25,0 34,0 -20.00 l0.85 0.89 0,02 -20.02 | 0,37 | 0.87 0,68 J
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Table 11

STATISTICAL PARAMETERS FOR THE 75-MHz OITOLE WITH BALUN--IN THE FOREST, Eo AT 45° ELEVATION

Sigma . Sigma Combined
Interval | 8S | Azimuth | Elevation | Median | Peaka { Nulls | Median~M2an | Mean | Peaka | Nulla Sigma
1 20{ 265.0 46.5 -13.63 ( 0.39 | 0,99 0.29 -13.92 ", 60 ) 0,72 0.65
2 33| 255.0 45.2 -15,15 ; 0,63 | 0.59 -0,04 -15.11 | 0.59 | 0,54 0.56
3 31| 245.0 44,1 -17.57 [ 1,27 | 2,12 0.30 -17.87 11,52 | 1,86 1.66
4 327 235.0 42.6 ~-19.69 | 0.40 | 0.84 0.16 -19.85 | 0.40 | 0.69 0,52
5 31 225.0 42.6 -21,07 | 1.12 | 0.70 -0.18 -20,89 | 0.95 | 0.73 0.82
6 38| 215.0 43,0 -21.60 [ 1.55 | 0.91 -0.24 -21.36 | 1.54 1.03 1.22
7 32| 205,0 44,3 -24,64 (1.22 | 2,77 0,68 ~-25,32|1.56 | 2,44 1,90
8 33| 195.0 46,5 -29,28 | 2,59 | 0,83 -0.64 -28.64 (2,249 1,24 1.67
9 23| 185.0 46.5 -31.42[1.79 | 5.50 1,36 -32.78 | 2,51 | 4,89 3.41
10 30} 175.0 46.5 -26,42 11,24 | 5.26 1.48 -27,90 | 2,33 | 4.85 3.29
11 31 165.0 46,5 -25.71 1 0.92 | 0,93 -0,01 -25.,70 (0,91 | 0,79 0.83
12 31 155.0 45.5 -28.21 | 2,23 1.38 0,08 -28.29 {1.68 | 1.30 1.48
13 23| 145.0 45.5 -35.71 [ 2,15 | 2,23 0.31 -36.02 (1.95 | 1,95 1.90
14 23| 135.0 45.5 -35.23 (4,78 | 2,83 -1.34 -33.89 [ 3.42 | 3,39 3.33
15 36 125,0 45,5 -25.71 [ 1.17 | 3.34 0.60 -26.31 {1.60 | 2,99 2,24
16 21| 115.0 45.5 -25,00 | 3.14 |1.12 -0.99 -24,01 | 2,15 | 1.87 1,96
17 31| 105.0 46.5 -19.09 | 0.42 |0.73 0.13 -19.22 /0,46 |0.62 0,53
18 °7 95,0 46.9 -18,18 | 0,60 | 0,48 0.00 -18.18 { 0.60 ] 0,37 0.45
19 27 85.0 46.9 -16.96 [ 0,96 | 1,39 0.19 -17.15 (1.00 | 1,24 1.10
20 25 75.0 46.5 -16.06 | 0,61 1,29 0.19 -16.25 | 0.69 1.11 0.86
21 28 65,0 45.7 -16.66 | 0.56 | 0,50 -0.16 -16,50 | 0.41 | 0.39 0.39
22 30 55,0 45.7 -17.57 { 0,47 1.05 0.14 -17,71 1 0,48 0.93 0.67
23 20 45.0 45,7 -15.45 | 0.49 1,00 0,06 ~15.51 | 0.44 | 0,94 0.60
- 24 25 35,0 45.8 ~14,84 1 0.45 | 0.40 -0,05 -14.79 { 0.41 | 0,28 0,32
25 26 25.0 146.5 -15.75 ) 0.53 | 0,91 0.19 -15,94 | 0,63 | 0.72 0.66
26 25 15.0 46.5 -16.66 | 0.46 | 0,49 0.01 -16.70 { 0.41 ] 0.45 0,42
27 30 5,0 6.5 -16.8110.34 | 0.50 0.05 -16.86 | 0.38 | 0,46 0.42
28 22| 355.0 46,5 -20.00 11,50 | 2.82 0 50 -20,50 | 1.56 | 2,74 2,00
29 26 45,0 16,5 -26,07 | 1.33 2,61 0.55 -26,62 | 1.59 2,23 1.84
30 27 | 335.0 46.5 -31.42 14,33 | 2,49 -0.94 -30.48 | 3.56 | 3,05 3.22
31 28 | 325.0 46.5 -28,75 11,23 | 6,50 2,22 -30.96 | 3,16 | 5.21 4.00
32 24| 315.0 46,5 -28,39 | 3,41 1.69 -0,70 -27.69 | 2,93 | 2,25 2,53
33 26 | 305.0 46,5 -21.42) 0.65 | 0.86 -0.01 ~21.41 | 0,64 | 0.68 0,65
34 25 | 295,0 46.5 -18,78 | 0.87 | 0.94 0.06 -18.84 | 0.80 | u,9v 0.83
35 28| 285.0 | 46.5 -19.24 | 0,50 | 0.59 0.05 -19,29 | 0,55 | 0.54 0.53
36 28 275.0 46.5 -16,66 | 0,93 0.97 0.03 -16.69 | 0,86 0,94 0,88
37 28 265.0 46.5 -15.45 | 0,43 0.73 0.22 -15.67 | 0.40 0.55 0.47
38 28 255,0 46.5 -15,15 { 0.49 0,59 -0,04 -15,11 | 0,46 0,42 0.42
39 29 | 245.0 46.5 -16.96 | 1,02 | 0.80 -0.13 -16.83 | 0.89 | 0.86 0,86
40 29 | 235.0 46,5 -18.18 } 0,49 | 0,58 0.07 -18.25 l0.46 0.51 0.48
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Table 12

STAT1ST1CAL PARAMETERS FOR THE 75-MHz DIPOLE W1TH BALUN--IN THE FOREST, E. AT 55° ELEVATION

Sigma ) i Sigma , Combined
1nterval | S | Azimuth | Elevation | Median | Peaks | Nulls Median-Mesn Mean | Peaks | Nulls Sigma
1 28 | 175.0 54.5 -20,7110,56 | 0,74 0,14 -20.85 | 0.48 | 0,81 d.53
2 27 | 185.,0 54.4 -22,50 | 0,86 { 0.91 0.10 ; -22,60 | 0,81 } 0,82 0,70
3 <) | 155,0 55,8 -25,00 | 0,44 1,11 0,41 -25.41 ‘0.51 0.83 0.63
4 24 145.0 54,5 -29,82 11,98 6.28 1,980 -31.72 | 3.73 4,713 | 4.12
5 24 135.0 55,4 -27.67 | 3.09 8.63 2.10 -29,77 | 4.46 | B,62 5,97
8 24 125.0 55.4 -22,14 | 0,38 | 1,59 0.27 -22,41 | 0,50 | 1.37 0.88
7 23| 115.0 55.4 -20.0010,70 | 1.58 0.22 -20,22| 0,82 | 1,38 1,04
8 30 105.0 55.4 -18,i8 | 0,92 0.60 0.00 -18,78 | 0,59 0.60 0,59
9 20 95.0 55.4 -16.,21 | 1,33 | 1,18 -0.08 -18,13 | 1.25 | 1.23 1,22
10 29 85.0 54,8 ~12,42 }{ 0,39 1,09 0,34 -12,78 | 0,47 1.11 0.68
11 21 75.0 54.6 -13,33 { 1.31 }0.37 -0,51 -12,8210.89 |0,81 0,72
12 19 85.0 54,6 -11,81 [ 0.35 | 0.42 0.12 -11,93 (0,29 |0,31 0.29
13 23 55,0 54,6 -12,42 | 0,37 0,32 0.0B -12.250 0.20 0.24 0.21
14 26 45,0 55,2 -12,72 (0,35 | 0,40 0.05 -12.77 | 0.17 |o0.35 0,22
15 23 35,0 58,2 -13.63 | 0.76 0,68 -0.16 -13.,47 | 0.82 0.43 0.50
16 19 25,0 57.4 -16,36 { 0,77 0.44 -0,06 -16.30 { 0.72 0.38 6.51
17 21 15,0 57.5 -18,96 | 0,38 | 0,51 -0,03 -16.930.35 | 0,31 0,32
18 21 5.0 57.2 -17.27 { 0.34 0.70 0.16 -17.43 | 0.36 0.58 0.45
19 22 355.0 58.9 -18,18 1 0,74 1.18' 0.01 -18.19 0,55 1,17 0,73
20 22| 345.0 58,8 -19.54 | 0,68 | 1,82 0.40 -19,94 11,04 | 1,32 1.14
21 22 335.0 58.4 -23,21 | 0.82 0.46 -0,13 -23,08 L 0,71 1] 0.43 0.55
22 21 325.0 56,4 -24,28 | 1.39 4,54 1,28 -25,58 { 2,48 3.55 2,80
23 21 | 315,0 58,4 -28,92 12,92 | 3.02 0,07 -28,99 | 2,89 | 2,95 2,73
24 20 305,0 56.4 -22,50 11,89 0.97 -0,32 -22,17 11,38 1,29 1,30
25 2 295.0 56,4 ~18,78 | 0,94 0.80° 0,13 -18,81{ 0,77 0.77 0.75
28 22 285,0 56.4 -18,18 | 0,65 0.46 -0.13 -18,05 | 0,54 0.41 0.46
27 22| 275.0 56,6 -15.15 [ 1.29 | 1,14 -1,05 -15,09 | 1,24 |1,19 1.19
28 18 265,0 57.1 -13.03 | 0.52 0,49 -0,04 -12,89 | 0.48 0.43 0.44
29 22 255,0 58.4 -12,12 | 0,38 0.32 . 0.07 -12,19 | 0,18 6,25 0.21
30 26 245.0 56.4 -11.51(0.35 0,51 0.13 -11,84] 0,25 0.38 0.30 '
31 21 235,0 54.7 -12,42 | 0.37 0.83 0,22 -12,64}0.34 0.47 0.40
32 21| 225,0 58,0 -13.63 | 0.37 | 0.51 0,17 ~-13,801 0,30 |0.34 0.31
33 23| 215.0 56,2 -13,63)0.35 | 0,36 0.10 -13.73}10.26 | 0.25 0.25
34 22 203,0 51,8 -13.63 | 0.47 0.56 -0.11 -13.52} 0.36 0,38 0,36
35 25 194,0 54,8 -16,06 | 1,02 1,24 0,08 -18.1’4 0.96 1,18 ' 1,03
38 23 185.0 54,7 ~19,09 { 1,10 1,17 0.08 -19,17 | 1,0 1,09 ! 1.03
37 25 175.0 54.8 -21,42{ 0,96 0.83 0.01 -_21.43 0.92) 1 0.93 0,91
38 23 185,0 56.7 -24,28 | 1,05 1.17 0.00 -24,28 | 0.91 1,17 l.dO
N
) )
[
! i
1
1
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seen in Tdble l--e,g., intervals 12 and 23 (these angles were corrected

before the data were cohtoured).: The next three columns give the median,

“ ! , 0 ! K
ﬁ', thq standard deviations of the points greater than the median (peaks),

5', and the standard deviations of the points less than the median
P ,

al

(nulls), 0 . The next column is the difference between the median and
|n,,

, mean for the interval. The next three columns are the arithmetic mean,

i, of the ‘amplitude points (pote that these values ‘were computed by

i

summing the decibel values--it can be shown that this is actually the
. ! )
geometric mean) and the standard deviations of the points above and below
" !
the mean, & and O . The last column is the total standard deviation of
p n

. i
the sample points about the median, ’. 1t is not possible to present
j - ! )
the complete sets of tables for all of tHe antennas in this report, but

’the data are summarized in the following sections of this chapter,

| g
A. Comparison of ‘Mean and Median Amplitudes

The ﬁedian indicates the amplitude value that divides the distribu-
tion of data,so that half of:the points are bclow this value and half
are above this vglhe. .The‘median is readily obtained with the data ex-
pressgd in.decibels, whereas the arithmetic mean if calculated directly
with, the amplitude values expresséd in decibels (as was done here) re-

| sults in a mean of the logarithmic values or a geometric mean--the re-
sulfing geometric mean is smaller than!the arithmétic mean (unless all

» values in the'Sample «re equal)., In order to provide an indication of

the similarity between the mean and med@an of the data for each constant-
'eievation orbit, tﬁe nuﬁber of 10° intervals ig ;hich the absolute dif-
ference between the‘nean and the!median exceeded 1 dB were counted and
are presented in Tahles 13 and 14. The elevation angles indicated are
nominal but -the actual orgits‘wqre generﬁlly withinl2° of these nominal

values, The fractions in the table are such that the numerator indicates
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Table 13

COMPARISON OF MEAN AN/ MED1AN S1GNAL STRENGTH FOR ANTENNA SET 1

Fraction of lntervals where Absolute Difference of Mean
and Median Exceed 1 dB for Elevation Angle Indicated
Frequency Total
Antenna Type (MHz) Polarizition 5° 10° 15° 28° | 3s° 45° 55° | (percent)
Horizontal Unbalanced 50 Eg $/38 | 3/37| 5/26 ) 4/40| 2/36 | 2/38| 1/40 8.6
Dipole-=in Clearing E, 2/37 -- 0/21 ] 2/37)1/37| 0/37 - 2,7
Horizontal Unbalanced 50 Be 5/38 2/27 8/40 8/39| 4/38 1/3% 4/40 11.9
Dipole~-~in Forest E, 3/37 - 4/33 4/38 | 2/37 | 2/3%7 - 8.2
Vertical Sleeve 50 Be 2/38 4/37 3/40 3/40| 1/36 0/38 0/40 4.8
Dipole~--in Clearing Ee 3/28 -- 2/37 1/38| 3/37 3/38 - 6.9
Vertical Sleeve 50 E 5/38 9/37 6/40 5/40| 2/38 2/38 0/40 10,3
Dipole--in Forest 8
Borizontal Unbalanced 75 Be 11/28 | 15/37 7/40 1 11/40| 5/31 3/38 2/40 21.2 |
Dipole~-~-in Clearing BO 7/37 - 2/37 3/38) 5/37 1/38 == 9.6
Horizontal Unbalanced 75 Be 4/38 | 4/37 8/40 | 10/40| 4/38 | 0/38| 2/40 11.8
Dipole--in Forest E, 5/38 - 1/37 | 3/36) 1/37| 4/38 - 7.5
Vertical Sleeve 75 Ee 5/38 7/37 2/40 1/40| 0/38 0/38 1/40 5,9
Dipole==in Clearing Eg 8/37 -- 17/37 7/38} 1/37| 3/38 - 19.4
Ver‘*ical Slecve 75 Ee 7/38 7/37 | 13/34 . 14/40| 9/38 | 11/36 | 13/40 28,1
Dipole-~-in Forest E, 1/27 - 12/37 3/38| 2/37 0/38 o 10,2
Horizontal Unbalanced 100 Ee 8/38 | 13/33 6/40 | 10/40| 6/26 2/38 3/36 19,1
Dipole--in Clearing Eq 8/37 - 2/37 2/38| 2/37| 2/38 -- 8.6
Horizontal Unbalanced 100 EB 3/38| 4/37 5/40 | 6/40| 6/38 1/38| 2/40 10.0
Dipole--in Forest Eg 6/37 .- 5/37 3/38| 2/371) 2/38 - 9.6
Vertical Sleeve 100 Be 8/34 1/31 2/40 | 11/40| 0/38 6/38 2/40 8.4
Dipole-~in Clearing Ee 0/28 - 10/37 3/38| 3/37 3/38 - 10,7
Vertical Sleeve 100 Be 2/37 7/37 4/40 7/40) 3/38 3/32 6/40 12,1
Dipoic--in Forest Eg 0/14 -- 3/35 ! 3/38| 1/32| 0/32 - 4.6
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Table 14

COMPARISON OF MEAN AND MEDJAN SIGNAL STRENGTH FOR ANTENNA SET 4

Fraction ¢f Intervals shere Absolute Difference of Vean
and Median Exceed 1 dB for Elevstion Argle 1ndlcated

Frequency Total
Anienna Type (Mz) Polarization 3° 1D°® 18° 28° 38° 45° 85° | (percent)

Horizontal I'nbalanced 30 Eg 2/4D -- 6/39} 5/39 1/29 1738 1738 7.2
Dipole--in Clearing Eq 2/38 - 1738} 3738 1738 D/40 | 2/38 1.2
Horizontal Folded 50 ze 12/40 - 5739 4739 3/29 | D/38 2/38 11,7
Dipole==in Foreat l. 2/38 - 4/38 1738 2/38 1/4D 1738 4.8
verticai Sleeve 50 Ee w/o8 - $/39 139 1/29 1/38 1738 e.3
Dipole==-in Clearing kg 1/73¢ - 1D/38 138 2/38 374D 0/38 7.5
Verticai Foided 50 EO 14737 .o 12/39 4/39 0/29 D/38 D/38 13.6
Dipole-~in Foreat E, 4/38 - 3/38 3/38 5/38 4/40 0/38 9.1
Horizontal Unbalanced 75 Ee 5/4v .- 6/39 | 13739 | 5/28 | 13/38 | 14/38 25,2
Dipole--in Foreat E, 6/38 .- 5/28 § 2/38 [ 10/27{ 4/40| 0/29 13.5
Jorizontal Dipole 78 Ee 5/40| -- 117391 3/ | 4/29| o0/31 | 0/37 ip,7
w,Balun=--in Foreat E, 7/38 e 4/38 | 0/33 1738 | 4/40| 3/38 8.4
Horizontal Dalanced 75 Ee 20/4D| -- 16/38 115739 | 8/20 | 4/38 | 3/38 2.7
Dipole--in Foreat Ee 9/368 e 0/38 3/3s 3/38 1/27 3/23 12,5
Horizontal Balanced 100 !0 8/40 .. 13739 1/39 1/23 2/38 2/38 18.D
Dipole-=in Foreat Eq 1/34 - 3/37 6/38 6/38 3/40 2/38 12.D
vertical Sieeve 100 Ee 5/37 .- 3/37 4/38 1/29 ] 0/29 | 0/34 6.4
Dipole==in Clearing -
Vertical Sleeve 100 EO 8/38| -- 9/37 110/39 | 2/28 ) 538 | 2/37 15.8
Dipole--in Foreat Ey 0/31 - 1/38 0/38 | 0/38 1738 0-38 D.9
Vertical Balanced 100 Ey 11/40 | -- 10739 | 2739 | ¥/29 | 3/38 | 1/36 12.2
Dipole--in Foreat Ee 1738 - 1738 238 | 10/38 1/40 1738 9.5
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the number of intervals in which the absolute value of the difference
between the median and mean exceeded 1 dB, and the denominator is the
number of 10° of azimuth sample spaces in eacn orbit (a denominator
greater than 36 indicates that there was an overlap in the orbit and a
denominator less than 36 indicates that there was no data in a portion
of the orbit). These differences were both positive and negative; thus,
a statement about the mean always being greater or less than the median
cannot be made. Although the table indicates only the percent of occur-
rences of the difference exceeding 1 dB, further checking of the samples
inuicated that the difference exceeded 2 dB for less than 5 percent of
the sample--even the differences of the mean and median of the response
of the 75-MHz horizontal balanced dipole in the forest, which had 29,7
percent of the differences greater than 1 dB, exceeded 2 dB for only 4

percent of the samples.

From the data presented here it appears reasonable to assume that
the estimated median can be used as an estimate of the mean ampli tude

for the data from this site,.

B. Pattern Contour Plots

The antenna patterns are presented in the form of contours of the
computed medians plotted on . azimuthal equal-area projection, This
display may appear at first glance to be unnecessarily complicated; how-
ever, these plots have several advantages that will be discussed following

an explanation of the way to read them.

Each contour map shows all the amplitude data taken on one antenna
for one polarization at one frequency, in the form of median ampli tud>s
of 10° azimuth intervals. The plot can be visualized in several ways,
For example, one may picture placing a large hemisphere over the antenna

being measured, then drawing the median field strength contours on its
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surface. The contour plots are two-dimensional maps of this hemisphere
regarded from above (see Figure 14). Hence, the zenith is at the cengér
of the plot; azimuth angles appear as radials; and elevation angles are
concentric circles.. The outer rim of the plot is the herizon, or 0°
elevation. The azimuth angles numbered around the rim of the plot are

in degrees relative to the principal axis of the horizontal dipole an-~
tennas or magnetic north for the vertical antennas. AS an exarple, for
the horizontal unbalanced dipoles in the clearing, 0° azimuth on the
plots is actually 345° as indicated on the site map in Figure 7 by arrows
labeled in degrees magnetic.T The relationship of contour-plot azimuth

to each horizontal dipole antenna is also shown by the diagram in the

center of the plot,

The contour interval is 3 dB, with the largest observed median am-
plitude (over a 10° azimuthal interval) for each plot was establ?!<hed as
0 dB. The 0-dB point is not shown, because its exact position is mis-
leading without detailed knowledge regarding the aircraft orbits, but its

true location can easily be inferred from the other contours,

The pli't has merits both intrinsically as a data display and ex-
trinsically through its adaptability to the Xeledop measurement technique,
As a data display, it has the advantage of clearly showing, statistically,
the characteristics of the antenna response in one diagram. It also
emphasizes the average energy distribution as a function of solid angle,

a better measure of the usefulness of any antenna for communications than

azimuthal beamwidth,

*The azimuthal equal-area projection allows equal solid angles to be
represented as equal areas on the plot, whereas, if a stereographic pro-
jection were used, the lower elevation would be closer together than the
higher elevation angles. An excellent discussion of these plots can be
found in Ref, 16,

.’-
The magnetic declination in Thailand is less than 1%, consequently, for
practical purposes, magnetic and true bearings are the same,
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FIGURE 14 A CONTOUR PLOT AS A MAP OF A HEMISPHERE
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In addition to having these advantages as a display, the contour
plots are very well adapted to the way in which the data were taken.
Since the aircraft did not fly perfect orbits about each antenna, the
elevation angles actually measured varied during any given orbit and
from one set of antennas to another. Thus it is neither accurate nor
adequate -simply to plot the measured amplitude as a function of azimuth
on a polar chart. Some means of interpolating between the data taken at
the various elevation angles is required, because the angles actually
measured changed from one set of orbits to the next. The contour-plot
program does this by finding surfaces (contours) of constant average re-
ceived signal indicated by the available amplitude data. Once the pvo-
gram has found this uurface (drawn the contour plot), polar cuts can

easily be taken at anrv constant elevation angle of interest.

Contour plots of the mean signal strength of the 75-MHz horizontal
dipéle in the forest (Figures 15 and 16) were produced using the tech-
niques discussed in this section of this report., The standard deviation
about the mean, G was calculated, gridded, and tabulated as discussed in
Section VI-C. Comparing the contour plots of the mean and median (Figures
15 and 16 with Figures A-10 and A-11), and comparing the tables of the
standard deviations about the mean, G (Tables 15 and 16), with those of
the standard deviation about the median, &' (Tables A-10 and A-11), one

can see that the mean and median are quite similar,

Several other cases of the median arnd mean wore compared and from
these comparisons and the data provided in Section VI-A, it was concluded
that the median amplitudes could be plotted and used as a reasonable

estimate of the m2an amplitude if necessary,
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C. Wstimated Standard Deviations of the Anplitude about the Median

The estimated standard deviations about the median, é', were com-
puted over the same 10° azimuth intervals as the medians were computed,
Thése-values were then gridded in a regular array of constant azimuth-
and elevation—gngle increment, by using the gridding portion of the
pettern-contouring program (again, a linear interpolation was used so as
not to create any extraneous peak values). These values were tabulated
and are shown in Tables A-1 through A-23 and Tables B-~1 through B-:],
opposite the corresponding contour plot of the median signal strength in
Appendices A and B, The azimuth angles have been normalized so that 0°
in the tabies is the same as the 0° used for the ccontour plots of the
median amplitude (thus 90° on the table is 90° on the contour plot and

-90° in the table is 270° on the contour plot).

These tables show that &’ for the dipoles increases in the areas of
the nulls of the dipole, If it is remembered that 5’ was computed by
comparing all of the points in a 10° interval, one will realize that the
4’ values also include the deterministic pattern function of the dipole.
Thus, the &’ values would be smaller if this pattern factor were elimi-
nated, The general trend that can be determined from these tables is

that &’ tends to decrease with increasing elevation angle.

D. Effect of Variation of Slant Range

The criterion for determining the distance between the transmitting
and receiving antennas required for far-field measurements when conducting

antenna pattern measurements is usually expressed by the relationship

2
R = 2D /A ’
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Table 15

STANDARD DEVIATIONS ABOUT THE MEAN FOR THE HORIZONTAL UNBALANCED DIPOLE
IN THE FOREST--Ee AT 75 MHz

levation | 10.0 |15.0 |20.0 |25.0 |30.0 |35.,0 [40.0 ;42.0 [50.0
Azimuth
-170.0 3.09| 2.94| 2.71| 2.65] 2,13] 1.71| 1,41 | 1,14 | 0.57
-160.0 3,04 2.41| 2.69 | 2.35| 1.50 | 1,27 | 1.40 | 1.27 | 0.74
-150.0 2.92| 3.05| 3.11| 3.34| 2,43 1,50 1,60 | 1.85 | 1,17
-140.0 3.32! 3.90| 3.70 | 3.93| 3,12 | 1.70 | 1.75 | 1.64 | 0.98
-130.0 2.24| 2.54| 2.78 | 2.64| 2.48| 2.21| 1.84 | 1,40 | 0.68
-120.0 2.46 | 2.92| 2.80| 2.79| 2.61| 2.45| 2.23| 1.67 | 0.75
-110,0 2,95 3.41| 2.94 | 2,71 | 2,49 | 2,37 2.14| 2,05 | 1.63
-100.0 3.64| 2.86| 2.96 | 2,96 | 2,39 | 2,08| 2,05 | 2.15| 1.91
-90.0 3,79 2.84| 3.12 ) 3.15| 2.27| 1.69| 1.99 | 2.10| 1.90
-80.0 3.69 | 2.66 | 3.24 | 3.18 | 2.65| 2.01| 2,11 | 2.10| 2.37
-70.0 3.60 | 2,93 | 2.95| 3.03] 3.34| 2.98| 2,50 2.30| 1l.91
-60.0 3.19 | 2.41| 2.83 | 3.00| 3,04 2.37| 2.38 | 2,19 | 1.64
-50,0 3.34 | 2,921 2,82 | 2.87 | 2.64| 2,07 | 1.82 | 1,49 | 1.15
-40.0 3.13| 3.16 | 3.13| 3.20| 2.78{ 1.86 | 1.58 | 1.32 | 0.57
-30.0 3.07! 2,75 | 2.83 | 2.66| 2.18| 1.64 | 1.82| 1,94 ] 1.15
-20.0 3.16 | 3.26 | 3.12 | 3.14| 3.00 | 2.50| 2.24 | 2.00| 0.89
-10.0 .64 | 2.92| 3.00| 3.06| 3.48 | 2.78 | 2.57 | 1.87 | 0.62
0.0 2.43| 3.10| 3.00| 2.92| 3,44 2.83 | 2.30| 1.39| 0.71
10.0 2.69 | 2.77| 2.80| 2.86| 2.78| 1.98 | 1,56 | 1.40| 0.55
20.0 2.47| 2.53| 2.72 | 2.77| 2.41| 1,91 | 1.,23| 1.20| 0.63
30.0 2,20 2.76 | 2.84| 2,96 | 2.50| 2,67 | 1.63 | 1.20| 0.75
40.0 2.58| 3.18 3.32| 3.41| 2.80| 2.51| 1,44 1,32 0.87
50.0 2.30| 3.52| 3.43| 3.63| 2.67 | 2.47 | 1.64| 1,70 1.09
60.0 2.31| 3.12| 3.33| 3,27 | 2.19| 2.-8| 1.76 | 1,93 1.33
70.0 2.25 | 3.16 | 3.07 | 2.91| 2.66| 2.45 | 2.20| 2,28 | 1.54
80.0 2.13| 3.03] 2.76 | 2.46 | 2.69 | 2.85 | 2,73 | 2.42| 1.86
90.0 2.25| 2.70| 2.71| 2.62{ 2,60 | 2.73| 2.53 | 2.52| 2.13
100.0 2.21| 3.21| 3.29| 3.25| 2.92 | 2.54| 2.30; 2.56 | 2.52
110.0 2.20| 3.37| 3.27| 3.19| 2.85| 3.01| 2.31} 2,26 | 1.67
120.0 2.21| 3.12| 3.08| 3.13| 2.82! 2,78 | 2,14} 1.76 | 0.98
130.0 2.48 | 2.95| 2.83| 2.44| 1.38| 1.50 1.24| 1,69 | 1,02
140.0 2.88| 3,41| 3.10| 2.97| 1.88| 1.20| 1.i3| 1.14| 0.83
150.0 2.621 .19 | 3.24| 3.17| 2.46 | 1.30| 1.14| 0.93| 0.71
160.0 2.38! 3.25| 3.28 | 3.18| 2.43| 1.55| 1.23| 0.97| 0.68
170.0 2.311 3.23| 3.33| 3.43| 2.34| 1.02| 1.10| 0.93| 0.63
180.0 2.76 | 3.31 | 3.18| 3.17| 2.44| 1.56 | 1.39 | 1.31| 0.77
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Table 16

STANDARD DEVIATIONS ABOUT THE MEAN FOR THE HORIZONTAL UNBALANCED DIPOLE
IN THE FOREST—-E0 AT 75 MHz

levation | 10,0 15.0 20.0 25,0 30.0 35.0 40,0 45,0 50,0
Azimuth
-170.,0 1,98 1.82 2,32 2,83 3.14 2,51 2,33 2,06 -
-160.0 2,34 1.74 1.53 1.64 1.72 1.72 1.79 1,49 -
-150.0 2,26 1.48 1.55 1.26 1.00 1,12 1.10 1.29 -
-140.0 2,34 1.68 1.59 1:37 1.18 0.87 0.92 0.92 | =--
-130.0 1.94 1.70 1,54 1.33 1.14 0.90| ‘0,93 0.89 | --
-120.0 1.36 0.88 0.82| 0,60 0,93 1,02} 0,89 0.68 -
=110.0 1,23 | 0.96 0.88 1.01 1.33 1.36 1.14 0,71 -
-100.0 0.73 0,73 0.82 1.02 1.07 1.05 0,97 0.67 -
-90.0 0.81 0.67 0.79 0.87 0.64 0.60{ 0.68 0.65 -
-80.0 1.08| 0,89 0.78 0,70 0.83 1.03 1,01 0.85 -
-70.0 1.02 0.80 0.81 0.87 1,06 1.23 1,07 0.73 -
-60.0 1.18 1.10 1.18 1.25 1.19 1.18 1.00 0.58 -
-50.0 1.36 1.40 1,48 1.13 1.17 1.16 1.22 0.92 -
-40,0 1,98 1.75 1.43 1.10 1.11 1.46 1.28 1.08 -
-30.0 2,53 1.71 1,44 1.72 1,99 2,05 1.66 1.39 -
-20.0 2,99 3.32 3.46 3.58 2,64 1.90 1.96 2.16 -
-10.0 2.70 3.06 3.51 3.37 2,50 1.97 2,19 2,28 -
0.0 2,81 3.03 3.63 3.66 2,91 2,37 2,509 2.50 -
10.0 3.21 3.38 4,19 4,45 3.64 2.69 2,65 2,83 -
20,0 3.42 3.38 3.50 2,95 2.55 2,22 2,37 2,30 -
30.0 2,56 2.46 2,54 2,30 2.10 2,13 1,92 1.77 -
40,0 1.91 1.82 1.55 1.66 1.94 1.80 1,60 1.50 -
50.0 1.95 1.69 1.33 1.27 1.43 1.44 1.22 1.12 -
60.0 2,51 2,11 1.15 1,18 1.17 1.12; 0.98 1.06 -
70.0 2,09 2,15 1.11 1.08 0.84 0.78 1.22 1.02 --
80.0 1.72{ 2.03 0.98 0.96 0,76 0.66 1.81 2,30 -
90.0 2,05 1,79 0.74 0,78 0,72 0.74 2,2f 3.24 -
100.0 1.82 1.67 0.64 0.53 0,64| 0,76 1.76 2,63 -
110.0 1.47 1,43 0.75 0,70 0.71 0.79 1,08 1.41 -
120.0 1.61 1.20 1.00 1.01 0.79 0,77 1.04 1,15 -
130.0 2,09 1,61 1.34 1.24 1.01 1.09 1.48 1.44 -
140.0 2.05 1.90 1.60 0,99 1.34 1.46 1.96 2.09 -
150.0 1,74 1.55 1.67 1,51 1.82 1.95 2,51 2,60 -
160,0 2,57 2,81 2,65 2,58 2, 56 2,97 2.59 2.19 -
170.0 2.50 3.62 3.00 2,43 2.48 2,99 3.07 2,98 -
180,0 1.83| 3.13 3.18 3.04 3.21 3.00 2,55 1,94 -

i
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where D is the longest dimension of the antenna being measured, The
dimension D is usually obtained quite readily:for iihear éntenﬁas by
measuring the length of the radiators of the antenna being measured or
the height of the antenna above ground, but the effect of“erec£ing the
antenna in foliage was not fully understood and it éppéared réas;nable
that the surrounding foliage could increase the effective apér;uré of the
antenna,” For this reason, a set of orbits waS fiown at radii of-3, 4,
and 6 miles and at a constant elevation angle of 15?.  (N§fe that‘the
majority of the pattern—measurement data and all data combrising the con-

tour plots was measured at a 4-mile slant range.)

- Examples of the measured signal strength as a function of azimuth
angle for the E0 response of the 100-MHz horizontal unbalanced dipole in
the forest are shown in Figure 17. Azimuth angle decreases from left to
right because these plots are derived from plots of the réw data and
orbits were flown counterclockwise. These plots show a relatively high
repeatability of the lobe and null structure of the amplitude pattern,

In some instances it can be seen that the azimuthal location of a null

is not exactly repeatable, but it must be remembered that the azimuth data
are recorded at time intervals of 6 s and intermediate points must be
interpolated, and that the elevation angle was only as constant as the
pilot could maintain (the range of the elevation angle was 14.5° to 16.8°

for the three orbits) his orbits,

A cursory check of these plots indicates that the data at the three
ranges are quite similar and the 4-mile slant range was large enough for
these measurements to define the depth of the nulls and to acquire enough

sample points to define the patterns.
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E. Relative Gains:

Thelterm relative,gain is' used lere to distinguish it from absolute
gain, which is usually derived theoretically and expressed relative to
sohie absolute reference level--e g., isotropic. Since the receivers are

I

calibrated in parallel and the input 1mpedances are known, the gains of
]

the various anteqaas in both'polarizations can be compared, or related.
But, the power of the Xeledop is!not known and,'therefore, absolute gains
cannot be derived from tﬁe measured ddta wifhout assuming the gain of one
antenna (see the following section for further comments on absolute gain).
éinee absolute gain cannot be derived from the measured data it is also

not possible to make comparisons between frequencies,
In order to make the relative gain information more useful and
! B :
‘meaningful, these values are tabulated in terms of the relative voltage

agross 56-0 loads (Tables 17 and 18) and the relative voltage into matched

loads (Table 19). |

The }elative voltages presénted in Tables 17 and 18 are a comparison
of the maximum median value computed over the 10° azimuth sectors used to

produce the contour plots, These valueé, which have been normalized to
the unpaladced dipoles id the clea;ing for a given frequency, are pre-
'septed in two separate tableslto facilitate distinguishing the antenna
sets during pattern measurement apd the information is presented in the

tables in the same order as the antenna patterns are presented in the
| .
.appendices, Note that these tables do not present comparisons of the

maximum observed values but of the maximum compdted median, It should
also be emphasized that these values are not necessarily the maximum ob-
ta%nable response of the antenna but are the maximum median values that
=were computed from the data in the 0°-t0-50° elevation range of the

measurements--i €., the maximum response of one-quarter-wavelength-high

Hertzian dipole would be at the zenitk, whereas there would be a null at
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Table 17
RELATIVE VOLTAGE ACROSS 50-OHM LOADS AT PATTERN MAXIMA--
MEASUREMENT SET 1
Relative
Measurement and Voltage
Design Frequency Ee E, Ee’E0
(MHz) Antenna Type and Location (dB) (dB) (dB)
Horizontal unbalanced dipole in clearing| -7.4 0.0 -7.4
50 Horizontal unbalanced dipole in forest -1.0 -3.3 +2,3
Vertical sleeve dipole in clearing -7.81-17.4| +49.6
Vertical sleeve dipole in forest -7.0 - -
Horizontal unbalanced dipole 1in clearing -3.6 0.0 -3.6
75 Horizontal unbalanced dipole in forest -9.6 | -10.2 | +40.6
Vertical sleeve dipole in clearing -8,6 | -16.8| +8.2
Vertical sleeve dipole in forest -13.0 | -27.2 | +14,2
Horizontal unbalanced dipole in clearing| -2.4 0.0} -2.4
100 Horizontal unbalanced dipole in forest -6,.0| -6,6 +0.6
Vertical sleeve dipole in clearing -5.3]-20.3]+415.2
Vertical sleeve dipole in forest -9,7|-21.81| +12.1
Table 18
RELATIVE VOLTAGE ACROSS 50-OHM LOADS AT PATTERN MAXIMA--
MEASUREMENT SET 2
Relative
Measurement and Voltage
Design Frequency Ee Eq EB/EO
(MHz) Antenna Type and Location (dB) (dB) (dB)
Horizontal unbalanced dipole in clearing| -7.9| -0,7 -7.2
50 Horizontal folded dipole in forest +2,4 +2.8 -0.4
Vertical sleeve dipole in clearing -4.5 | -15.4 | +10.9
Vertical folded dipole in forest +1,2 |-13,6 ] +14,8
Horizontal unbalarced dipole in forest -15.0 | -13.3 -1.7
75 Horizontal dipole with balun in forest -12.4 -8.5 -3.9
Horizontal balanced dipole in forest -13.4 -9.0 -4.4
Horizontal talanced dipole in forest -8.0 ~-3.1 -4,9
100 Vertical sleeve dipole in clearing -3.9 - -
Vertical sleeve dipole in forest -1.6 | -22,4| +17.8
Vertical balanced dipole in forest -8,0 | -25.4| +17.4
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the zenith for a onenhalf-wavelength-high Hertzian dipole. The location
of tnese observed maxima can be inferred {rom the contour piots of the
antennas in the appendices of this report. The values in Tables 17 and
18 have been corrected for the attenuation of the coaxial feed line from
the antenna to the measurement van and the values for both tables were
then normalized to the value measured Jfor the E° response of the hori-
zontal unbalanced dipole antenna in the clearing (measured in Set 1) for

the three frequencies.

The last column of Tables 17 and 18 tabulate the difference between
the maximum of the Qertlcal (Ee) polarization response and the maximum
of the horizontal (E°) polarization response, with a plus sign indicating
that the Ee response was greater. For example, for the.50-MHz horizontal
unbalanced dipole in the clearing, the E° maximum was 7,2 dB higher than
the Ee maxin.am, while the Ee maximum was 10.9 dB higher than the E& maxi-

mum for the 50-MHz vertical sleeve dipole in the clearing,

The most accurate values in Tables 17 and 18 would be those comparing
the two polarization components of the same antenna since the same re-
ceiver was used for these measurc nts. When comparing between differ nt
antennas, the variation of rece! er input impedance must be accounted

for, the neglect of which can cause an error of up to 2 dB.

Table 19 presents relativ= power gains into matched loads, which
were derived from the values from Tables 17 and 18 through the following

procedure:

(1) The mismatch loss to 50 for each antenna at each
measured frequency was estimated from the impedance

data provided in Section VII,

(2) These estimated losscs were added to each of the
maximum received signal values to estimate the power
that would have becn delivered to a matched loac,
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(3) To simplify comparisons, the Eo response for the hori-
zontal unbalanced dipole in the clearing was chosen
as a 0-dB reference for each frequency, and all of the
relative gain values for that frequency were normalized

to this reference.

The resulting values include the 2-dB errors from 1ables 17 and 18
pius an error in the mismatch-loss estimates. These losses are determined
from antenna impedance, which was measured by a technique that finds the
magnitude ard angle of the reflection coefficient, with an accuracy of
about 5 percent in the magnitude, |p| as it increases frou 0 to 1 (or
the VSWR as it increases from 1 to infinity), the elative gain estimates
suffer a small error at low antenna VSWR and a large error for high
antenna VSWR--all due to a constant 5-percent error in |p|. Aichough the
effect of this error is minimized by the technique outlined in Section
VII, it should still be noted that such an error is present. In Table 19
those values for which the sum of the errors, including the voltage gain
errors, is potentially in excess of 3 dB have beezn indicated by an "x."

Potential errors of the unmarked values are less than 3 dB.

F. Comments on Absolute Galns

It was indicated in the prcvious section that the absolute gain
(gain above isotropic) of the measured anteninas can usually be estimated
by calculating the absolute gain of one of the antennas at a particular
frequency and then referring all the other gains on this frequency to the
calculated value by using the relative-gain data from pattern measurements--

ns was done in Ref. 12,

The mettod attempted was to use the relntlonshlp,'7

¢ ¢) = 0 - /
G o(8:®) Gt 2 logloF(e,O) 10 10.;10(;1n Rd) )
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where
Gfs = Gain of a half-wavelength dipole in free space relative
to an isotropic radiator (2.15 dB)
F(98,¢) = The field-imaging factor
Ra = Measured antenra feed-point resistance
Rd = Antenna feed-point resistance in free space (73 [0 for a

half-wavelength dipole),

The field-imaging factors, F(g,®) can be calculatzd by the mathe-
matical model described in Section VIII and it is only necessary to add
2.15 dB and correct for the antenna impedance to e¢stimate the absolute
gains of these antennas. The term (Ra/Rd) includes both the effect of
the change in ease or difficulty in driving the antenna as installed
(relative to free space), and the effect of losses in the ground and
antenna wire. R can be defined to equal the sum of an effective radia-

a

tion resistance (Rr) and an effective loss resistance (Rl)' Then,

R + R
r %), 10 10 (R ‘R )
R Bio\"r "a ’
r !

10 ]oglo(Ra/Rd) = 10 log
where the first term is the antenna efficiency, and the second term is
the relative ease or difficulty in maintaining the free-~space input
current to an cquivalent lossless rauiating element. 7This expression

may be termed the ground proximity loss {(or gain for the caze where
Rn<Rd).

The method outlined above was used to provide calculatrnd elevation-
ylane patterns (gain as a function of elevation) of the dipole antennas
measured in the clearing and the forest, These calculated elevation-
piane patterns were then compared to the eclevation-plane patterns derived

from the measured data and a constant was determined that should be added
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to the relative gains in order to convert them to absolute gains, Since
several dipole antennas were measured on z given frequency, several con-
stants could be determined and compared for reasonableness, The range of
these correction values was 16 dB (i.e., an accuracy of +8 dB was the
best that could be provided for the estimated absolute gains). Pzcause
of the large discrepancies ohserved it was decided not to attempt to pro-

vide estimates of the absolute gains of these antennas.

If an estimate of the absolute gain must be obtained for these an-
tennas, the moust reasonable approximation appears to he a value of +5 dB
added to each of the gains presented in Table 19, Exampie calculations

employing this technique are rresented in Appendix C of this report.
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VII IMPEDANCE MEASUREMENTS

The impedance of each antenna was measured after it was erected for
the pattern measurements to determine the amount of mismatch between the
antenna and the 50-() (1.2 VSWR maximum) receiver input terminals, and to
acquire a belter understzanding of the effect of the forest on tue antenaa
feed-point impedance., These measurements were made with an Alford auto-
matic impedance Llotter, which can be used to provide a rapid and con-
tinuous display of the impedance at the antenna feed point over a reason=
ably wide frequency range. This .mpedance plotter hrs been used at HF to

provide displays of the antenna impedance as a function of frequency.aysy6

The plotter measures impedances ry finding the reflection coefficient
(compared to 50 () of the load and displays the value on a Smith-chart
bezel on an oscilloscope. The accuracy of the plotter is expressed as a
percentage of the reflection coefficient (*5 percent, +5%); hence, the
resistance and reactance measurements near the rim of the chart (values
with high VSWR) are not precise. Inaccuracy also results from several
parts of the plotter being frequency-sensitive, and previous experience
indicated that the erronecous readings can be obtained when made at the
critical frequency of the coaxial feed line from the antenna to the
plotter. At VHF it was found that these inaccuracies increased to the
extent that reliable measurements could not be performed in the field
without calibrating every frequency of interest, For this reason, the
impedance of each antenna was measured only at the design frequency of

the antenna. These values are tabulated in Tables 20 and 21,
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Table 20

rEED-POINT IMPEDANCES FOR .. TTENNA SET 1

Measurement
Frequency Impedance
Antenna Type and Location (MHz) (ohms)
Horizontal unbalanced dipole in clearing 50 50 + jl15
Horizontal unbalanced dipole in forest 50 60 + jl0
Vertical sleeve dipole in clearing 50 150 + j170
Vertical sleeve dipole in forest 50 100 + j120
Horizontal unbalanced dipole in clearing 75 45 + j30
Horizontal unbalanced dipole in forest 75 50 + j40
Vertical sleeve dipole in clearing 75 180 + j170
Vertical sleeve dipole in forest 75 100 + j150
Horizontal unbalanced dipole in clearing 100 35 + j20
Horizontal unbalanced dipole in forest 100 40 + j20
Vertical sleeve dipole in clearing 100 30 + j90
Vertical sleeve dipole in forest 100 140 + j150
Table 21
FEED-POINT IMPEDANCES FOR ANTENNA SET 2
Measurement
Frequency Impedance
Antennn Type and Location (MHz) (ohms)
Horizontal unbalanced dipole in cleuaring 50 50 + J15
Hortizontal folded dipole in forest 50 70 + j20
Vertical sleeve dipole in clearing 50 150 + jl70
Vertical folded dipole in forest 50 35 + jlo
Horizontal unbalanced dipole in forest 75 50 ¢+ j40
Horizontal dipole with balun in forest 75 70 + j15
Horizontal balanced dipole in forest 75 70 + j20
Horizontal balanced dipole in forest 100 40 + 35
Vertical sleeve dipole in clearing 100 100 + j100
Vertical sleeve dipole in forest 100 50 + jl00
Vertical balanced dipole in forest 10 38 + jl2
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VIII COMPUTER-MODELING OF THE VHF ANTENNA PADIATION PATTERNS

The computer progran developed for predicting the directivity pat-
tern of HF antennas in forests’ was used for the VHF antennas measured
at Ban Mun Chit using input data applicable to the VHF case.® Although

it was not anticipated that the model would be useful for describing the

VHF patterns in detail because of the scattering observed during the U.S.

tests,’ it did seem important to determine if the model could provide a
reasonable prediction of the average VHF directivity patterns (i.e., to
determine if the predicted patterns compared reésonably well with the
contour plots obtained by statistically processing the data from the

field measurements).

A. Description of the Model

Only a brief description of the model will be provided here sincc a
detailed description is-provided in Ref, 7. The model approximates the
forest and ground as layers of dielectric slabs, as shown in Figure 18,
The upper lsyer is the space above the forest, chesiacterized by eo and
Mot the permittivity and permeability of free space. The center re~ion

is the foresi, characterized by a complex dielectric constant,

and the lower region is the ground below the forest, characterized by a

complex diclectric constant,
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FIGURE 18 IDEALIZED LOSSY DIELECTRIC SLAB MODEL

Each region is assumed to be homogeneous and to possess the magnetic

permeability of free space. The antenna is a Hertzian dipole,

B, Antenna Radiation Patterns

The multilayer slab model was used to calculate the expected radia-
tion patterns of the dipole antennas measured 2t Ban Mun Chit, The
measured foliage and ground constants presented in Figures 9 and 10 wera

used to define the forest aud ground in the model.

In order to simplify the comparison of the measured and computed
data, the computed pattern was referc ioed to the measured patterns. This
was accomplished by e¢stimeting the mean elevation angle of the lowest
-3 dB contour on the measured patterns--i,e.., &y visuzily estimating the

average location of the -3 dB contour in the vicinity of 90° from the
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dipole axis for the E® response and in the vicinity of 0° from the dipole
axis for the Ee response. The program then determined the azimuth angles

at which the -6, -9, and ~12 dB contours intersected certain elevation

angles., These contours were then plotted by hand on the plots of the

measured data. Tn other words, the elevation of the -3 dB contour of #
the calculated pattern near 0° or 90° azimuth was predetermined (i.e.,

the measured and calculated values were forced to agree at this one {
point), and then the remaining contours werz referenced to this point.

Pliysically, this procedure is similar to adding a constant gain or loss

to an antenna through the use of an amplifier or an attenuator,

The calculated patterns are shown as dashed lines on the patterns of
the measured data presented in Appendices A and B. Only one-half of the
calculated pattern is shown, since the remaining pattern would be an in-

verted image of the portion providcd,
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IX DISCUSSION OF RESULTS

The data presented in this report are the results of exploratory
measuremer.ts of the effect of tropical vegetation ou the performance of
simple VHF antennas. The measured signal-strength data were processed
statistically to provide contour plots of the antenna radiation patterns.,
No special mathematical models were developed to predict the radiation
patterns of these VHF antennas, but the multilayered slab model developed
previously for HF antenna pattern predictions was tested to evaluate its

utility at VHF.

A. Measured Antenna Radiation Patterns

The patterns of the antennas discussed in this section are presented
i Appendices A and B of this report and they are discussed in this sec-
tion primarily in order of increasing frequency instead of the order in

which they are presented in the appendices.,

The 50-MHz horizoutal unbalanced dipole antenna was measured while
located in the clearing during both measurement sets (Figures A-1 and
A-2, and B-1 and B-2, respectively), The contour plots of “he median
signal strength resulting from the two measurements of this ante=ra com-
pare quite favorably, as do the values for the relative gain (the Eo
values are within 0.7 dB of each other and the Ee values are within 0.5
dB). The estimated standard deviations about the median, 3', are also |
quite similar for these two measurements (see Tables A-~1 and A-2, and |
B-1 and B-2, respectively). The standard deviation tends to incresse

in the nulls of the radiation pattern, particularly for the Eo responses !

(see Tables A-2 and B-2). This is a result of the data-processing
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techniques (as indicated in Section V) and not a phenemenon of the an-
tenna itself. Generally, &' was greater for thé Ea (ver}ically polarized)

response than for the E0 response (horizontally polarized).

When fhe 50-MHz horizontal unbalanced'dipofe was measured in the |
forest, the maximum of the Ee response of the, antenna occurred at higher
eleva;ion angles and the lobes of the E0 response enﬁompassed:a smallep L
elevation sector than when the same type of antenna was located in the

clearing. Although 3’ was not gfeatly affected it was slfghtly,higher

for the antenna in the forest.

P
H

Patterns of the 50-MHz vertica. sleeve dipole werc measured during
both measurement sets while the anten;a was located 1n|the ¢learing. 'The
Ea respoinse of this antenna was fairly cmnidirectional at the higher ele-
vation angles (above 30°), but the radiation pattern did not repeat as
well for the two sets of measurements zs those of the: 50-MHz horizontal
dnbalanced dipole in the clearing. When the same type of antenna was
located in the forest, the normally omnidirectiénal radiation pattern be-
came somewhat perturbed (see Figure A-7). For elevation angles below
about 30° the patterns were not very omnidirectional for ‘he antenna in

the clearing or the forest,

The 75-MHz horizontal unbalanced dipole was measured while it was
located in the clearing during measurement Set 1, The resulting Ee and
Bc radiation patterns (Figures A-8 and A-9) from these measurements were
slightly more complex than those from the 50-MHz unbalanced dipole in the
clearing and the &’ valucs were generally higher for the 75-MHz dipole,
particularly for the Ea responses. This type of an‘enna also was jieasured
at two different locations in the forest (see Figures A-10 and A=11 and
Figures B-9 and B-10); and, though there are slight differences -e.ween

the resulting patterns, the lobes occur at nearly the same ¢ evation
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- angles fér both locations. The 5’ values for the location in Set 2 are

generally slightly ﬁighe: than ithose from Set 1.

' The 75-MHz horizontal unbalanced dipole in the forest, measured in

Set 1; and the horizontal dipole with a balun in the forest, measured in

‘Set 2,'were‘actua11y the same antenna’ at the same location measured with

and without a balun., The resulting gatterng have some discrepancies,
which are possibly due to the orbits used for the measurements not being
exactly ?upiicnted and possibly because of the impedance mismatch caused
by the 75-02:75-0 balun bu; more likely caused by the antenna not being
installed, identically for the two measurement sets, The &’ values for
the two antennas are wiéhin 0.5 dB of each other. The EB patterns for
this'antenna appears to_be affected by the insertior of the balun more

¥

thdn the Eo patterns, and this is what one might expect because the balun
controls 2and tends to minimize) the currents flowing on the outside of
the cable shie;d. |

Fontour plots were produced for the:estimated mean and the estimated
median signal strength of the 75-MHz horizontal uanbalanced dipole in the
forest measured in.Set 1: The Eo patterns for the mean and median compare
quite favorably (Figures 1° and A-11), whereas there are more differences

between ‘the mean and mec‘an for the Ee patterns (Figures 15 and A-10).
; :

‘The estimated standard deviation nbout the mean, 3, and the estimated

standard deviation about thé median, 3’, were also calculated and gridded
for this antenna, The values for 0 and 0’ are .quite similsy for the cat-
tern data from this antenna and other examples that were checked, and it
was thus assumed that the estimatcd median response was representative of
éhe estimated mean response. Thus, the estimated median response was used
to generate the contour plots employed to describe the 'smoothed" response

of the antennas measured at :his site.
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Similar 75-MHz vertical sleeve dipoles werz measured while installed
in the clearing an¢ in the forest, The Ee radiation pattern of these
antennas remained fairly omnidirectiomal at the higher elevation angles,
but there were perturbations in the pattern at the lower elevation angles

for the antenna located in the forest.

Similar 100-MHz unbalanced dipoles were mzasured while located in
the clearing and in the forest. In this case, the forest tended to in-
crease 0’ for the Ee response but caused a decrease in 3’ for the Eo

response,

The response of similar 100-MHz vertical sleeve dipoles was measured
in two locations in the clearing--one was separated from the clearing-
tree interface and the other was fairly close to this interface. It can
be seen that the response of the one near the clearing-tree interface is
fairly smooth (see Figure B-17) compared to that of the one further out
of the clearing (Figure A-20)., From the values of 0’ and from the median
signal re sponse, it appears that the forest~clearing interface may have
helped smooth the Ee radiation pattern of this antenna. Also, it may be
noted that the antenra farther out in the clearing exhibited a deeper,

more symmetrical null at the higher elevation angles.

The patterns of the 100-MHz vertical sleeve dipole were measured
wvhile the antenna was situated in two locations in the forest, The
median-signal-strength plots for this antenna show perturbations and
irregularities not common to the two locations, but the values of 3’ are

similar.

Generally, there was not a significant change in the values of &'
as the measurement frequency was increased from 50 MHz to 100 MHz, but
the median radiation pattern of the antennas became more complex; which
is partially caused by the increased electrical height of the antennas

as the frequency was increased. It appears reasonable to assume that A5
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as in Ref. 1, a calculation of the change in signal strength as a func-
tion of azimuth were made, the average change in signal strength for
constant small increments of azimuth would increase as the frequency was

increased.

As a meens of establishing the significance of the forest on the
Scattering one could compare the data from the antcennas in the clezring
and in the forest and find that there are only minor differences in the
standard deviations for the two locations. Measurements of VHF antennas
were performed under another contract in rough terrain near Livermore,
California'’ and, although the deterministic pattern factors of the an-
tennas were affected by the hillsides on which the antennas were located,
the standard deviations were actually slightly higher than those resulting
from the measurements presented in this report. T!. data from the Livermore
reasurements showed that 6’ tended to increase as the incident signal was
composed of a direct wave and a wave reflected from the hill, Thus, it
appears that the reflected waves from the trees add in and out of phase
and can possibly cause the signal variations observed in the Thailand

forest.

B. Relative Gain Results

In Set 1, essentially the same types of antennas (half-wave resonant
horizontal and vertical dipoles) were measured simultaneously in and out
of the forest. The horizontal dipoles in the clearing produced the maximum
received signal, and when both horizontal and vertical dipoles were
operated on the same frequency and in the same types of environment (i.e.,
clearing or forest), the horizontal dipole exhibited the greater received
signal by about 6 dB * 3 dB when the comparison is made wi‘*hout regard to
the polarization of the incident signal. By comparing the maximum rela-

tive responses of these two types of antennas (on the same frequency and
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in the same type cof terrain) for the same transmitted polarization (i.e.,
Ee or E@) it can be ubserved that the horizontal dipole response to Ee
exceeded that of the vertical dipole by about 3 d5 * 3 dB in both the
clearing and the forest, whereas the maximum E@ response for the hori-

zontal dipol: exceeded that of the vertical dipole by about 17.5 dB * 3 dB.

The most accurate relative-gain data for both Sets 1 and 2 are the
ES/E° values for the sare antenna. An examination of these data in Tables
17 and 18 indicates that for the horizontally polarized antennas,

EG/E° ~ =5 dB * 3 dB in the clearing and -2 dB + 3 dB in the forest,
whereas the corresponding values for the vertically pularized antennas

are +12 dB + 4 dB and +15 dB *+ 3 dB for clearing and forest, respectively,
The ES/E° ratio typically increased about 3 dii for both horizontally and
vertically polarized antennas when the same type of antenna was moved
from the clearing to forest, Data at 6 MHz showed that the EG/E¢ ratio
increased by approximately 8 dB when horizontal dipoles were moved from
thc clearing to the forest at tais site. It should be noted that when the
Ee/Eo ratio was calculated, the maximum response for Ee was usually at a

different azimuth and elevation than the E0 maximum. No pronounced fre-

quency trends are apparent at VHF.

C. Measured Anlenna Feed-Point Impedance

When reviewing the measured impedance data, one must remember that
often different antennas of identical dimensions were measured instead of
relocating the same physical structure. This factor could have con-
siderable effect on the reactive part of the impedance. But if these
data are used cautiously, the impedance data provide an indication of the
effects that the forest would create on matching the antennas to a radio

set., It can be seen in Tables 20 aid 21 that the impedance of the hori-

zontal unbalanced dipvles varied only slightly when measured in the
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clearing and the forest, but the location of the vertical sleeve dipoles
greatly affected their observed feed-point impedance. 17The horizontal
dipole would probably be the easier antenna to match to a radio set for

use in forests,

L. Comparison of Measured and Calculated latterns

The calculated and measured median patterns discussed in this sec-
tion are presented as contour plots in Appendices A and B at the end of
this report. The measured patterns are shown as solid lines and the
calculated patterns are shown as dashed lines on the contour plots. The
data are not necessarily discussed in the order in which the figures are
presented in the appendices but are discussed in order of increasing

frequency.

The highest correlation between the measured and calculated patterns
at 50 MHz can be seen in the Ee response of the horizontal unbalanced
dipole in the clearing, measured in both sets (Figures A-1 and B-1).
However, calculatezd E0 response of this antenna does not resemble the

measured data as well as the calculated and measured Ee data,

The calculated and measured patterns of the 50-MHz unbalanced dipole
in the forest arc again quite similar--in fact, the two patterns arc
within 3 dB of each other (Figures A-3 and A-4). But the calculated
patterns of the 50-MHz horizontal folded dipole in the forest had almost
no resemblance to the measured patterns and were not plotted (Figures

B-3 and B-4).

The measured and calculated patterns of the 75-MHz unbalanced dipole
antenna in the clearing are fairly similar but do not compare as well as

those of the 50-MHz unbalanced dipole in the clearing. Of the two
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polarization responses of the antenna, the patterns for the Eo’response
show the most resemblance (Figure A-9), When the 75-MHz unbalanced
dipole was located in the forest, -the similarity between the calculated

and measured data was still quite poor.

fhe caléulated,gnd.measured patterns of the 100~-MHz unbalanced dipole
in the clearing are quité similar for the porfion of the Ee pattern that
was calculated.: The patterns for this antenna in the forest are again
similar, But the patterns of the balanced dipole are quite dissimilar--

primarily because of the deep null toward 300° in both measured patterns,

From the examples of calculated and measured patterns provided in
this report, it appears that the slab model can predict the average pat-
terns of simple VHF dipole to *3 dB in some cases. But more example
cases should be studied before any definite conclusion can be made., Ob-
viously, the model cannot predict the "fine structure' of the pattern,
but if more data were available it appears that one could place a figure
of merit on the model regarding prediction of the effect of the macro-
scopic féatures of the forest, In the absence of a more refined model,

a standard deviation of the scatter;ng caused by the microscopic features
of the forest could be employed to complete the mbdel, so:that the probaj
bility of the signal strength exceeding a certain level at a given range

in a given solid angle from a transmitting antenna could be predicted.
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X SUMMARY AND RECOMMENDATIONS

These exploratory measurements on the performance of VHF antennas
immersed in a tropical forest provide insight into some of the problems

of the field communicator operating VHF radios in a tropical forest.

The patpern-measdrement data indicate that the forest at Ban Mun
Chit was apparently moré iSotropic than the forest previously considered
at Newark, California,! .Although there were pattern perturbations and
fairly_rapid fadings observed in the data from Ban Mun Chit, these fadings
(presumably caused by the predominantly vertical tree trunks) were not as
extensive as those observed at Newark where, it might be noted, the forest

was composed mostly of tall vertical tree trunks.

The rabid variation of‘signal strength as a function of the azimuth
angle Andiéated that these data should be processed statistically in
order to provide a more consolidated and understandable display of the
data. The data were processed so as to provide statistical estimates
over 10° azimuth sectors, as derived from the measured signal strengih
as a function of the azimuth angle. The estimated median signal strength
was then contoured to provide patterns of the relative median signal
.strenéth as a function of azimuth and elevation. [n addition to this,
the estimated standard deviations were tabulated for 10° increments of
aziﬁuth and 5° increments of elevation. The statistical estimators show
that the mean and median signal strength are quite similar for these data,
The radiation pattern data indicate that the median signal strength is
generally representative of that expected for the antenna structures.

The pattern data from the dipole antennas indicated that the maximum

signal strength occurred at higher elevation angles when the antennas




were located in the forest than when they were located in the clearing,
The patterns of the vertical-sleeve dipole antennas and the vertical
dipole antennas, which should have fairly omnidirectional azimuthal pat-

terns, became quite perturbed when located in the forest.

The number of antennas measured exceeded the number of available
receiving aud recording channels, which required that the antennas be
measured as two sets. While measuring these two sets, measurements were
duplicated on several antennas in the same locations. A high degree of
repeatability in the median signal strengths was observed for the two

sets of measurements.

Horizontal dipoles typically exhibited about 6 dB more gain than
vertical dipoles when a comparison of relative maximum median response
was made without regard to the polarization of the incident signal. The
maximum median response of a horizontal dipole for Ee exceeded that of a
vertical dipole by only about 3 dB, whereas for Eo the difference in-
creased to 17.5 dB for antennas in both clearing and forest, The ratio
ot EQVE0 for' the horizontal dipoles was about -5 dB, whereas for the
vertical.dipoles a ratio of +12 dB was more typical when the antennas were
in the clearing, This ratio was observed to incfease by about 3 dB for
2232 vertical and horizontal dipoles when the antennas were moved from

clearing to forest.

The feed-point impedance of the antennas was measured while they
were in their pattern-measurement situations and these data show that
the surrounding foliage affected the impedance of the vertical dipole

antennas more than that of the horizontal dipole antennas.

The computer program developed for predicting the radiation patterns
of HF antennas in a homogeneous, isotropic forest was used with the
parameters to define the forest and horizontal dipole antenrnn2s measured

at VHF at Ban Mun Chi:. The resulting calculated patterns compare
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favorably with the measured median patterns for the unbalanced dipole
antennas. The largest discrepancies between the measured and modeled
patterns resulted from the 75-MHz antennas, The model, although it will
calculate the average pattern, still requires further development before
it will predict the significant variations in the Patterns or a statis-

tical estimator of the variations caused by scattering at VHF.

In order to better understand the effects of forests on VHF antennas,

it is recommended that the following programs should be considered:

(1) Measurement of another set of simple dipole antennas at
a constant elazctrical height—-i.e., A4 in order to
maintain a more constant ideal pattern as the frequency

is varied.

(2) More patterns should be measured in different forests
50 as to gain a better'understanding of the effect that

these diifering forests have on the patterns,

(3) From the various forests, statistical distributions of
the "scattering functions” for the various forests should

be determined for the computer model,
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Appendix A

CONTOUR PLOTS OF THE ESTIMATED MEDIAN AMPLITUDES
AND TABLES OF STANDARD DEVIATIONS FOR ANTENNA SET 1

This appendix contains the contour blots of the estimated median
signal strength (as described in Section”VI-B) and tables of the standard
deviation of the signal strength about the mgdian as described in Section
VI-C for Antenna Set 1 (see Figure 7). For each contour plot presented,
a table of standard deviations is presented on the opposite page. The
data are grouped in order of increasing frequency, and within the frequency
group the data for horizontal dipoles are presented first, and then the
data for the vertical sleeve dipoles, The title indicates: the antenna
type, the antenna location, the measurement polarization (using the same
notation as defined in Section V--i.e., Ee is vertical polarization and
E0 is horizontal polarization), and the measurement frequency which is
also the design frequency of the antenna. Where the calculated patterns

are available, they are shown as dashed lines on the contour plots,
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Table A-1

STANDARD DEVIATIONS ABOUT THE MEDIAN FOR THE HORIZONTAL UNBALANCED DIPOLE
IN THE CLEARING--Ee AT 50 MHz

40,0

evation { 10,0 |15.0 | 20,0 | 25,0 | 30.0 | 35.0 45,0 '] 50,0
Azimuth '
-170.0 1.75f 1.01| 0.83| 0.57| 0.61| 0.76| 0.70| o0.69 6.71'
-160,0 1.18 | 0.86| 0.82| 0.72) 0.58| 0.56| 0.79! o0.91 1.00°
-150.0 1.16 | 0.92| 0.84| 0,79 0.72| o0.83 ,0.95 ‘1,19 1.08 |
-140.0 1.03| 0.81)| 0.78| 0.64| 0.77| 0.98| 0.92]| 0.80 0.79
-130.0 0.921 0.82| 0.85| 0.89| 0.78| 0.63| 0.90| 1.09 1.07
-120.0 1.48 | 1.11( 1.25| 1.03| 0.90| 0.83{ 0.96| 0.97| 1.23
-110,0 1.78 | 1.59 ) 1.55| 1.40| 1.29( 1,29 0.97( 0.79 1.03
-100.0 3.37 1 2.65/ 2,13 2.13| 1.89| 1.79| 1.43] ‘1,27 1.42
-90,0 1.71 | 1.79 | 2.07| 2,40 1.77| 1,02 1.82.] 2,44 2,12
-80,0 2.141 2.43| 2,04 1.74| 2,08 2.34! 2.10| 1.76 1.41
-70,0 2,24 1.75| 1.99 | 1.89| 2.37| 2.62° 2,20 1,77 1.62
-60.0 1,83 | 2,21 2,18 ;2-26 ) 2,47 2,74| 2,29 | 2.35] 2,02
-50,0 2,74 2.33| 2,19 | 2,01| 2.04| 1.86| 1.71| 1.47 1.58
-40,0 2.02 ) 2.13| 2,02 2,47 2.08| 1,59 1.30| 1.09 0.73 |,
-30.0 1.62 1 1.32 | 1.63| 1.72| 1.45| 1.16| 0.83| o0.59 0.50
-20,0 2.241 1.03 | 1.39 | 1.39| 1.03| 0.78| 0.66| 0.55 0.50
-10.0 2,60 2.84f 1,44 0,95| 0.76| o0.89 0.80] 0,78 | 0.68
0.0 2,01 0.36 | 1.16 | 0.88| 0.74| 0.72| o0.86 0.80| 0.71
10.0 2.59 | 2.32| 1.27| 1.24( 0.98| 1.00| 0.94] 1.21 1.02
20,0 1.87 1 1.237 1.41| 1.13| 0.86| 0.87| 0.86 0.65 Q.63
30.0 1.86 | 0.77 | 1.25| 0.98] 0.84| 0.85| 0.74| 0.69 0.83
40.0 2.45 | 3.08| 2,07 1.68( 1.29{ 0.86| '0.86 0.99 | 1.13
50.0 2.96 | 1.95 2,09\ 1.98| 1.82| 1.25| 1.11/ 0.54 1.04
60,0 2.17 | 2.28 | 2,07 | 2.23| 2,23| 2,70] 1.53| o0.97 1.58
70.0 1.01 | 1.65| 1.92| 1.85] 1,94| 1.41| 1.78| 1.s9 1.99
80.0 1.89 [ 1.96} 1.98 | 2,07| 2.47| 3.30| 2.359 2,48 | 2.31
90,0 2.88 | 2,51 2.61| 3,00 2.81| 1.68| 2.35 2,77 |, 2.51
100.0 2.35| 2.94| 2.54| 2,51 2.68( 3.02| 2.12] 1.40 1,72
110.0 1.17| 2.26 | 2.23| 1,76 | 1.72| 1.28] 1.44 1.30| 1.29
120,0 2,05 2.37 | 2,38 2.96| 2.15| 1.06| 1.13 0.91| 0.97
130,0 3.29 1 2.54| 2.40 1.75| 1.20| 0.67( 0.88| 0.86] 0.64
140.0 2.70 | 2,62 2.28| 2.34| 1.76| 1.51 1,00] o0.84( o0.57
150,0 2.02 | 1.49 | 1.44| 1.15| 0.97] 0.57| o0.73 0.71| 0.59'
160,0 1.31 1 0.93 1,12 0.v8( 0.55( 0.61| o0.62 0.52| 0.53
170.0 1.54 | 1.11| 0.96 | 0.92| 0.64| 0.54 0.54 | 0.52( 0.44!
180,0 1.54 | 1.05 | 0.92| 0.77| 0.68| 0.68| 0.60 0.58{ 0.53
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' FIGURE A-1 CONTOUR PLOT OF THE MEDIAN RESPONSE OF THE HORIZONTAL
' UNBALANCED DIPOLE IN THE CLEARING—E, AT 50 MHz
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Table A-2

STANDARD DEVIATIONS ABOUT THE MEDIAN FOR THE HORIZONTAL UNBALANCED DIPOLE
IN THE CLEARING--Eo AT 50 MHz

levation | 10,0 15.0 20,0 25.0 30,0 35.0 40.C 45,0 50.0
Azimuth
-170.0 2.84 2.12 2,40 2.91 2.70 2,12 1.94 - -
-160.0 1,72 1.16 1,77 2.03 1,88 1,32 1,33 0.67 --
-150.0 1,01 1.28 1,27 1.22 1.19 0.77 0.83 0.65 --
-140,0 0,88 0.98 0,96 0.95 0.85 0.74 0,76 0.91 -
-130.0 0.59 0.29 0,61 0.56 0.60 0.55 0.77 0.84 --
-120.0 0.43 0.39 0. 44 0.56 0.57 0.69 0.73 0.81 -
-110.0 0,37 0.39 0.36 0.42 0.41 0.51 0.41 0.26 --
-100.0 0.53 0.18 0.20 0.16 0.19 0.13 0.21 0.24 -
-90.0 0.51 0.16 0.16 0.12¢ 0.22 0.19 0.19 0.22 -
-80.0 0.41 0.28 0.40 0.24 0.30 0.23 0.21 0.15 --
-70.0 0.62 0.58 0.66 0.85 0.48 0. 27 0.34 0.41 --
-60.0 0.58 0.54 | 0,54 0.29 0.43 0.24 0.40 0.50 --
-50.0 0.88 0.96 0.91 0.90 0.69 0.60 0.50 0.44 --
-40.0 0.90 0.62 0.64 0,93 0.70 0.57| 0,55 0.67 -
-30. 1.30 0.92 0.86 0.66 0.82 0.72 0.92 0.70 -
-20.0 1.88 2.16 2,28 1.39 2,15 1.71 1.53 1.20 -
-10.0 1.49 1,93 2,57 4,19 3.15 2,33 2.40 2.02 -
0.0 1.30 1.05 1,97 1.77 2,38 2,79 2,64 2,61 -
10.0 1.56 1.67 1.70 1.87| 2.30 2.77 2.26 2,32 -
20.0 1.42 1.15 1.38 2,02 1.47 1,33 1.58 1,58 --
30.0 1,31 1,02 0.90 0,53 0.69 0.90 0.88 0.71 -
40.0 1.11 0.78 0.64 0.85 0.77 0.80 0.76 0.91 -
50.0 1.01 0.47 0.61 0.57 0.74 0.94 0.65 0.51 -
60.0 1.12 0.95 0.84 0.90| 0.76 0.58 0.50 0.33 -
70.0 1,07 1,17 | 0.79 0.48 0.57 0,68 0.56 0,50 -
80.0 0.96 0.85 0.69 0.52 0.48 0.37] 0.39] 0.34 -
90.0 ) 1.35 0.59 0.55 0.66 0.43 0.29 0.26 0.13 -
100.0 ! 1.86 1,40} 0.75 0.66 0.49 0.24 0.24 0,27 -
110.0 1.43 0.83 0.55 0.40( 0.27 0.14 0.31 0.43 --
120,0 1.43 0.96 0.59 0.24 0,17 0.24 0.33 0,38 -
130.0 ) 1,23 0.93| 0.78 1,01 0.83 0.82 0,56 0.60 -
140.0 i 1.50 0.74 | 0.93 0.66 0,77 0.61 0.73 0.63 -
150.0 i 1.66 1,56 1.26 1.58 1.20 1,36 1.19 1,67 -
160.0 L 2.17 1,83 1.69 1.06 1,15 1.74 2,42 3.75 -
170,0 ; 3.61 3.87 2,45 1.97 2,65 3.64 3.42 3.43 --
180.0 3.29 ; 1.93 2,37 2,68 3.83 4,29 3.19 2,03 -







Table A-3

STANDARD DEVIATIONS ABOUT THE MEDIAN FOR THE HORIZONTAL UNBALANCED DIPOLE
IN THE FOREST-MEe AT 50 MHz

~Elevation| 10,0 |15.0 | 20.0 | 25.0 ]30.0 |35.0 [40.0 145.0 1500
Azimuth
-170,0 2.36 | 2,57 2,92| 3.51| 3.07{ 1.84| 1.37{ 1.21! 0.97
-160.0 2.95| 2.49] 2.47| 2,48| 1.90] 1.37( 1.36| 1.19| 0.67
~150,0 3.08 | 2.81) 2,54 2,29 1.61] 1.28| 1.30| 1.21! 0.65
-140.0 2.76 ) 2,34 2.28| 2,19 1.91| 1.47| 1.44| 1.37! o0.80
-130.0 2.22| 2,13 2.63| 2.79] 3.10] 2.33] 2.19| 1.95 | 1.45
-120.0 2.84) 3.26| 3,09 3.,08| 3,27 | 2.38| 2.22| 2,08 2.04
-110.0 2,70 | 3.60| 3.43 ) 3.27| 3.58) 2.26| 2.25( 2.01| 2.01
-100.0 3.06 | 2,74 2,60| 2.43| 3.41| 3.01| 2.60| 2.44 | 1.91
-90,0 3.01f 2.09| 2.38| 2,36 3.01| 3.01( 2.99| 2.98| 2.2
-80.0 2.50 | 2,39 2,60 3,00 3.46 | 3.14( 3.37| 3.47 | 3.30
-70.0 ' 2.47 | 3.23| 3.20| 3.42| 4,09 | 3.45| 3.03| 2.61 2,23
-60,0 2.68 | 2.48| 2.56| 2.21| 2.69| 2.51| 2.24'| 1.49 ' 2.30
-50.0 3.72| 2,54} 2,25 1,92} 1,97 | 2,14 | 1.62{ 1.50 1.90
-40.0 2.26 | 1.86| 1.79| 1.96 | 1,68 1.30| 1.41| 1.37 | 1.29
-30.0 1,774 1.49 | 1.86 | 1.85| 1.41| 1.24| 1,04 | 0.82, 0.78
~20,0 3.37 | 2.59| 2,25 1.91| 1.21) 0.81( 0.76 { 0.61 0.68
-10.0 3.27 | 2.79| 2.59| 2,43 1.37| 0.69| 0.64 0.56 0.66
0.0 2.62( 2,221 2,13| 1.91| 1.30| 0.94| 1.00| 1.16 | 1.07
10.0 2.39 | 2.17 | 1,98} 1.81( 1.20] 1.13] 1.20| 1.11 | 0.86
20.0 2.13| 1.95| 1.88| 1.80( 1.19] 1.18] 1.31| 1.66 | 1.13
30,0 2.56 | 2,02 1.92| 1.80( 1.76 | 2,01 | 2.04| 1.81 | 1.09
40,0 2.90 1 2,03 1.91| 1.65| 1.73| 1.95| 2,03 1.80 | 0.99
50,0 2,831 2.13] 1.96| 1.80 1.65| 1.67 | 1.45| 1.290 | 0.88
50.0 2.22) 2.32| 2.43| 2,26 | 1.82] 2,02 1.73| 1.73| 1.44
70.0 2.37| 2.36 | 2,95 3.69( 2.77| 2,68 2,16 | 2.36 | 2.36
80.0 2.67 | 3,00) 3.54| 4.21( 3.23| 2,91 2,16 2.17| 2.27
90,0 2.83| 3.02) 3.13| 3,19 2.70] 2.63| 2.05| 1.97| 2.16
100,0 2.43) 2.61| 2,49 2,41| 2.05]| 2,08 2,23| 2.28| 2.49
110,0 2,40 2.27| 2.11| 1.86| 1.55| 1.86| 2.55| 2.76 | 2.55
120.0 2.10| 2.21| 2.26| 2,09 1.98| 2,04 2.43| 2.55| 1.97
130.0 2.12} 2,71| 2,59 2.71| 2,06 | 1.68| 1.76 | 2.33| 1.62
140,0 2.64| 2.67 | 2.58| 2,44 1.94| 1.76 | 1.45| 1.43| 0.95
150.0 2,04} 2,25 2,48 2,38 1.87| 1.15| 0.99 | 0.96 | 0.90
160.0 2.10 | 3.18| 3.30( 3.72| 3.22| 1.56| 1.53| 1.77| 1.33
170.0 2.63| 3.89 | 3.60| 3.42| 2,60 1.43| 1,26 | 1.16| 0.93
180.0 2.04 | 2,72 3.20| 3,39 | 2,71| 1.10| 1,34| 1.34| 1.05
92
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Table A-4

STANDARD DEVIATIONS ABOUT THE MEDIAN FOR THE HORIZONTAL UNBALANCED DIPOLE
IN THE FOREST--Eo AT 50 MHz

levation| 10.0 |15.0 [20.0 |25.0 [30.0 [35.0 [40.0 | 45.0 | 50.0

m
-170.0 -- 2,35 2,75| 3.,08| 2.35| 1.37] 1.72] 1.86 -
-160,0 2,02 1.95| 2.26| 2,99 2.52| 1.64| 1.69| 2.18 -
-150.0 2,31) 1.78| 1.53| 1.54| 1.20] 0.87| 0.91 1,01 -
~140.0 0.76 | 0.75| 1.12| 1.,04| 0.90| 0.81| 0.87] 1.03 -
-130.,0 1.24( 1,21 1.00| 0.84] 0.67| 0.66| 0.60| 0.64 -
-120.0 1.25( 1.13| 1.03| 0.79] 0.62| 0.38] 0.38] 0.34 -
-110,0 0.871 0.70; 0.81| 0.73| 0.57| 0.45) 0.40]| 0.36 -
-100,0 0.90 ( 0.58| 0.54| 0.40} 0.37| 0.39] 0.43| 0.40 --
-90.0 0.91 0.56| 0,65| 0.38| 0.38| 0.46 ] 0.55| 0.67 -
-80,0 1.23 | 0.v:! 0.73| 0.37( 0.40| 0.49 | 0.44| 0,42 --
-70.0 0.94| 0,66 0.60| 0.32| 0.38) 0.48| 0.50| 0.56 -~
-60,0 0.88| 0.55| 0.60| 0.50| 0.58| 0.57| 0.67| o0.81 --
~50,0 0.94{ 1.03| 1.05| 1.07| 0.82| 0.55| 0.62| 0.67 --
~40,0 0.99] 0.95] 1.08| 1.0c! 1,08) o0.76 0.72| o0.74 -
-30.0 1.27( 1.10] 1.07| 1.23| 1.08| 1.14] 0.99( 1.40 -
~20.0 2,48 2,60 2,03 1,70| 1.36| 1.75]| 1.60] 1.12 -~
-10.0 2.87; 2,99| 3,46 | 3.89| 3.33| 2,98 3.05| 3.50 --
0.0 2.64| 2,62 3.33| 3.61| 3.44| 3.09| 3.15| 2.84 --
10.0 2.66 | 2,57 3.36| 3.33( 2.70| 2.20| 2.49| -.68 -
20.0 3.2¢; 2,09 | 2,78 2,59| 1.98| 1.70( 1.57| 1.45 -
30.0 3.07| 3.14| 2.66| 2,06| 1.44| 1.24| 1.12]| 0.94 --
40,0 2.05| 2,03} 1.42| 1.25] 0.,92] 0.85| 0.94]| 0.96 -
50,0 1.45| 1.20) 0.90| 1.,01| 0.68| 0.72] o0.89| 0.96 --
60.9 1.60 |- 1.83| 1,07 0.91]| 0.69| 0.66| 0.77| o0.86 -
70,0 1.81] 1.59| 0.70| (.64 0.41, 0.45] 0.44| 0.46 --
80.0 1.45| 1.41] 0,37 0.44! o0.21| 0.27| o0.28]| o0.29 -
90,0 1.62 ) 1.,74] 0,54! 0.51| o0.26! 0.21| o0.25| 0.32 -
100,0 2,50 2.08( 0.71| o0.61| 0.34| 0 34| 0.35| 0.33 -
110.0 2.37| 2,31 0.93]| 0.81| 0.48]| 0.48] 0.45| 0.34 -
120,0 2,02 1.76 | 0.97| 0.84] 0.44| 0.43| 0.47| o0.37 -
130,0 1.36 | 0.99( 0.79| 0.77( 0.72] 0.55| 0.78] o0.65 -~
140.0 1.95| .29} 1.23| 1.13| 1.20] 1.17| 1.57| 1.50 -~
150.0 2,93) 2.35] 2,07 1.70| 1.78| 2.05| 2.26] 2.24 -
160,0 2,40 ) 2,43 2.20| 1.84| 2,22 2.38| 2.41] =2.20 -
170.0 1.97 | 1.50| 2,33| 2,73| 3.41| 3.05| 2.54| 2.12 -
180.0 2.29 | 2,41 2.52| 2,90 2,60 1.93| 1.82] 1.23 --
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Table A-5

STANDARD DEVIATIONS ABOUT THE MEDIAN FOR THE VERTICAL SLEEVE DIPOLE
IN THE CLEARING—-Ee AT 50 MHz

levation| 10,0 |15.0 |20.0 ]25.0 30.0 | 35.0 | 40,0 {45.0 | 50.0
Azimuth
-170,0 0.67 | 0.49 | 0.52 0,52§ 0.51| 0.46| 0.49( 0.39| 0.21
-160.0 0.64 0,46 | 0.46 0.43| 0.32] 0.30| 0.28! 0.32] 0.12
-150,0 0.76 [ 0.49} 0.46 ' 0,45 | 0.31] 0.26] 0.20| o0.22| 0.13
-140,0 0.54{ 0.45| 0,42 | 0.44| 0.,29] 0.25| 0.17| 0.15] o0.18
-130,0 0.80) 0.30 | 0,34 0.33} 0.23]| 0.24| 0.21| 0.27| 0.38
-120.0 0.98| 0.33| 0.29 | 0.30] 0.25] 0.29] 0.32| 0.35]| 0.32
-110.0 0.66 | 0.32| 0,32 0,34 0,49| 0.56| 0.48! 0.36| 0,20
-100,0 0.53| 0.35| 0,40 | 0,44 0.69| 0.63| 0.49{ 0.39] 0.14
-90,0 0.66 | 0.49 | 0.45 | 0.42| 0.48| 0.43] 0.36| 0.32| 0.13
-80,0 0.66 | 0,54 0.44| 0.36 | 0.24| o0.26| 0.38| 0.38| 0.19
-70.0 0.59 | 0.54 0.65| 0.69 | 0,66| 0.47| 0.42| 0.38| 0.23
-60.0 0.98| 0.73{ 0.91| 1.,11| 1.06| 0.58| 0.48| 0.,45! 0.21
-50,0 1.91 ) 1,36 | 1.35| 1,06 0,90| 0.45| 0.50| 0.50| 0.17
-40,0 1.54 | 1.58 | 1.83| 2.30| 2.20( 0.84| 0.82| 0.70| 0.27
-30.0 0.86 | 1,80 | 2.34( 2.87| 3,11| 1.29| 1.01| 0.85!| 0.48
-20.0 1.69 | 2.28( 2,37 | 2.17| 2.02! 0,95] 0.86| 0.66| 0.38
-10,0 1.52 2,18 | 2,03 2,04| 1.36| o0,67| 0.58| 0.44] 0.23
0.0 1,45 1.88( 2,14 | 2,44 1.91| 0.49| 0.44!| 0.36] 0.17
10.0 2,97 2.35) 2.30| 2.19| 1.39]| 0.40| 0.39! 0.41]| o0.16
20,0 3.50 | 2.66 | 2,47 | 2.35( 1.45| 0.70( 0.51/ 0.44| o0.18
30,0 3.45) 2,07 | 2.14| 2,08| 1,27| 0.88( 0.59| 0.49| 0,22
40.0 3.26 | 2,06 | 2.04| 2,02) 0.94| 0.92| 0.48, 0.45| 0.25
50,0 3.04] 2,37 | 2.30| 2.16| 1,02 0.89| 0.39' 0.41| 0.24
60.0 3.16 [ 5.00| 2.59]| 2,29 | 0.93| 0.89) 0.24| 0.44| o0.21
70.0 2.96 | 2.36( 2.35| 2,29 1.13| 1,14 o0.59| 0.48] 0.20
80.0 2,53| 1.66 | 1.84| 1,87 1.26| 1.18] 0.73| 0.68] 0.19
90.0 2.65| 1.58| 1.46| 1.46| 1.20( 1.40| 1.05; 0.84| 0.35
100.0 2,59} 1.13| 1,09 1.01| 0.92| 1.14| 0.91| o0.90]| 0.61
110.0 1.86 | 0.74| 0.69| 0,68 | 0.30| 0.49| 0.71| 0.85| 0.71
120.0 1.29 | 0.46! 0.53| 0.52; 0.25| 0,53 0.46| 0.55| 0.63
130.0 1.29 ( 0.67| 0.55| 0.52| 0.23| 0.57| o0.64  0.58| 0.83
140.0 1.52 0.62| 0.52| 0,44 | 0.46| 0.97] 1.17 1.29] 1.19
150,0 1,381 0.59 | 0.54| 0.48 | 1.03! 1,56 1.41| 1.3/]| 0.87
160.0 0.90 | 0.63| 0.64| 0.59 | 1.36( 1.68| 1.38, 1.04| 0.56
170.0 1.00| o.88| 0,82 0.81 | 1.35( 1.34| 1.18| 1.14]| 0.59
180.0 1.17 | 0.79 | 0.80| 0,84 | 1,05| 0.96] 0.90 0.79 0.30 |
o
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Table A-6

STANDARD DEVIATIONS ABOUT THE MEDIAN FOR THE VERTICAL SLEEVE DIPOLE
IN THE CLEARING--Eo AT 50 MHz

levation| 10.0 |{15.0 [20.0 |25.,0 [30.0 [35.0 [40.0 [45.0 [50.0
Azimuth
-170.0 1.62 | 1.80| 2,14| 2,48 2,62 2,51| 2.55| 2.79| --
-160.G 1.78 { 1.48| 1,72 | 1.67| 1,60} 1.83| 2.00| 2,29 --
-150.0 1.68| 1.62| 1.67 | 1.65| 1,91 | 1,59 1,42 1,04| --
-140.0 2,18 | 1.84| 1.80| 1.80| 2,07 1.80| 1.56 | 1.47| --
-130.0 2,14| 1.60| 1,42| 1.36| 1.01| 1.08| 1.69| 1.78| --
-120.0 1.36 | 1.20| 1.14] 1.02| 0.75| 1.01| 0.95]| 1.22| -~
-110.0 0.77| 0,60 0.82| 0.63| 0,63| 0,62 0.68| 0.85( ~--
-100.0 1.82| 1,22| 1.23| 0.79| 0,79 | 0,90 1.03| 1.30]| =--
-90.0 2,74| 1.96| 1,78 | 1.15| 1,11 | 1,27} 1.20{ 1.29| ~--
-80.0 1.83 1.66| 1,53 | 1.15( 1,07 ] 1,22 1.32| 1.36| --
-70.0 0.97| 1.19| 1.,c2| 1.05| 1.32| 1.97| 2.39| 2,75 | --
-60.0 1,26 | 1.43| 1,54 | 1.85| 1.84| 2.21| 2,09 | 2,01 --
-50.0 1.66 | 1.64| 1.83| 2,03| 1.96| 2,13| 1.98| 2,12| --
-40.0 1.90 [ 1.84| 1.51| 1.53| 1.72| 1.86) 1.58 | 1.68| --
-30.0 2,05 1.82| 1.42| 1.44| 1.16| 1,14 1,15{ 0.91| =--
-20,0 1.85 | 2.04| 1.59| 1.39| 0.87| 0.66| 0.60| 0,75 --
-10.0 1.69| 1.69 | 1.47| 1,54 0.87| 0.81| 1.,00| 1,00| --
0.0 2,07 | 2.21| 2,04 1.8 1,54 | 1.74| 1.72| 2,06 | --
10.0 2,07 2.21| 2.,22| 2.28( 2,09 1.73| 1.79| 1,69 | --
20.0 1,77 1.72| 1.97 | 2,03| 1.64| 1,25 1,53 | 1.43| --
30.0 1,45 1,22 1.25| 1.19| 0.89| 0.94| 1.,28] 1.62| --
40,0 1,03 1.01| 0,92| 0.85( 0.60] 0.59| 0.83| 0.97| --
50,0 0.91| 0,88 1.09| 1.20| 0,74| 0.55| 0.48| 0.32| ==
60.0 1.25 | 1,43 1.62| 1.57| 1,00| 0.67| 0.56 | 0.25| --
70.0 1.49 | 1.61{ 1.76 | 1.61| 0.85| 0.69| 0.77| 0.72| --
80.0 1,56 | 1,53 1.66| 1.68| 0.95| 0,91 | 1,13| 1.35| --
90.0 1.80 | 1,94 1.89 | 1.78| 1.35| 1.19| 1.49| 1.60| =--
100.0 1.82| 1,79 1,78 | 1.69| 1.25| 1.27| 1.26| 1.10| --
110.0 1,90 | 2,05} 1.81| 1.75( 1.47 | 1.20| 1.39| 1.54| --
120.0 1,55 | 1.66 | 1,75 | 1.77( 1.68! 1.61| 1.55| 1,60 --
130.0 1.47 | 1.53| 1,57 | 1.49| 1,47} 1.34| 1.31| 1,17 =--
140.0 1.74 | 1.77| 1.,71| 1,72| 1,46 | 1.34| 1.39| 1,10 --
150.0 1,47 | 1.66| 1.53| 1.43| 1.74| 1.93| 1.84| 1.38| --
160.0 n.82 | 1,24 1.29| 1,33 2,06| 2,51| 2,19 1.92| --
170.0 0.99 | 1.93| 1.84| 1.65| 1.89( 2,09| 1.86| 1.03| --
180.0 1.49 | 2,52| 2,28 | 2.35( 2,73 | 2.54| 2,03 | 1,54 --
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Table A-7

STANDARD DEVIATIONS ABOUT THE MEDIAN FOR THE VERTICAL SLEEVE DIPOLE
IN THE FOREST--Ee AT 50 MHz

levation|10.0 [ 15.0 [ 20,0 | 25.0 | 30.0 | 35.0 |40.0 | 45.0 | 50.0 |
Azimuth
~170.0 2,31f 2.43( 2.,32( 2.38] 2,51 2.27| 1.94] 1.38| 1.16
-160.0 2.771 2,06f 1.95| 1.97| 1.65| 1,23| 1.32| 1.07| 1.03
-150,0 2.231 1.42) 1.69| 1.89! 1,20 0.92| 0.98| 0.84 ]| 0.55
-140.0 2.39| 1.96( 1.88| 1.77] 1.37] 1.38| 1.24| o0.98{ 0.52
~130,0 3.56 2,95( 2,77 2,55] 2,05 1.70| 1.54| 1.59] o0.96
-120,0 3.841 3.40| 3.20( 3,34} 2.60| 1.70| 1.77!] 1.71| 1.01
-110.0 3.08| 2.66| 2,95| 2.,91| 2.89| 2.52| 2.15| 1.80| 0.91
-100.0 3.62, 2,95 2,65 2,33 2,30 2,30 1.78] 1.54{ 1.00
-90.0 3.34( 2.92| 2,60 2.64| 1.72| 1,09 0.99! 0.75| 0.64
-80,0 3.04f 2,52| 2,79] 2,87 1.87| 0.80| 0.69] o0.64 0.66
-70.0 2.79( 2.50( 2.,43| 2.42| 1.60| 0.86( 0.82| 0.78| 0.73
-60,0 2.69] 2,31 2,59 2,44 1.50| 0.88| 0.80] 0.78 | 0.85
-50,0 3.92 3.21| 2.52| 2,04 1.,15| 0.68| 0.79| 0.70| 0.63
-40.,0 2.87) 2.83| 2,54 2.05} 1.21| 1,13| 0.83| 0.67| 0.49
-30.0 2.25| 2.12| 2,07| 2.04| 1.33] 0.73( 0.79! o0.81| o.68
-20.0 2.821 2,13 1.92( 1.57( 0.91| 0.70 0.63| 0.55| 0.57
-10.0 2.95| 2.09| 1.86| 1.50( 0.83| 0.78| 0.63{ 0.47| 0.44
0.0 2.26) 1.90( 1.75| 1.47| 0.69| 0.64| 0.54| 0.54| 0.55
10.0 2,07y 1.55| 1.45| 1.46| 1,07 0.97| 0.77| o0.99| ¢.79
20,0 1.94( 1.18] 1.23| 1.39| 1.30( 1.47| 1.16| 0.96| 0.64
30.0 1.91) 1.24| 1.54| 1.74] 1.37| 1.24| o.86| 0.92] 0.67
40,0 2.37( 1.75| 1.82] 2,07| 1.63{ 1.,20| 0.84| 1.00| 1.26
50.0 2.21 2.,17| 2.06| 1.83| 1.27( 1.28| 1.19] 1.15] 1.18
60,0 1.87( 2.85] 2.60| 2.20| 1.32{ 1.29 1.53| 1.65| 1.37
70.0 2.03| 2,73 2.48( 2,30 1.61| 1.,72| 2,06 2.27 1.80
80.0 2.02} 2.55| 2.61| 2.40) 1.69| 1.87) 1.84]| 1.87| 1.43
90.0 2.13( 2.84| 2.80| 2.66| 1,77 1.69| 1.16| 1.08| 0.46
100,0 1.86| 2.92) 2.98| 3.03| 2.41| 2.16| 1.32| 1.18| o0.81
110.0 1.68 | 2.68)| 2.89| 3.07| 2,34 1.91| 1,26| 1.29| o0.95
120.0 2.33] 3.19| 2.99( 2.75| 1.88| 2.03| 1.48( 1.13| 1.04
130.0 2.62( 3.08( 2,75| 2,61 1,77 1.53| 1.44| 1.60| 1.34
140.0 2,07y 2.40f 2.34! 2,13| 1.10{ 0,83| 0.94] 1.13| 1.14
150,0 1.93| 2.01)| 1.98| 1.58| 1.29] 1.44( 1.13| o0.98| 0.97
160,0 1.50| 2.62) 2.64| 2.83| 2,47{ 1.55] 1.40] 0.95( 0.75
170.0 1.68| 2,73\ 2.66| 2.76| 2.57| 1.95( 1.87| 1.68| 1.11
180.0 1.51] 2.06| 2.32| 2.38) 2.75| 2,71 2.35] 2.24| 1.33
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levation| 10.0 15.0 20.0 25.0 30,0 35.0 40,0 . 50.0
AzimutH ' : |
-170.0 1.41| 1.48| 1,02 | 0.63| 0.64| 0.81 | 0.86 0.90 | 0.80
-160.0 .1.80| 1.68] 1,20:| 1.05| 0.82| 92:88| 0.93 0.99 | 0.81
-150,0: 1.26 | 11,12} 1,18 | 1.07| 0,84 | 0.73| 0.86 1.05 0.79
~140,0 1.90 | 1.40| 1.19 [ 1,04 0.80 0.74| 0.94| 0.99| 0.75
-~130,0 2.83| 1.19f 1.24 | 1.13| 1.12| 1.32] 1,26 1.09| o0.80
-120,0 1.52] 1.22] 1.59 | 2,01| 1.54| .1.44( 1.62| 1.49| 1.58
-110.0 2.82 | 1.61( 2,00 1.60( 2.33| 2,16 3.04| 3.18] 2.53
-100.0 2.30 | 3.53| 3,08 | 2.95| 4.66| 5.76|* 3.45| 2.54| 2.64°

-90.0 2.46] 4.51| 4.41| 3,95 '3.85| 3.09| 3.61 3.97| 4.14
-80.0 3,151 4.70| 5.09 | 5.44] 4.76| 3.60| 2.76 | 2.26! 2.51
-70.0 ' 4.14| 1.98| 5,02 5.92( 4,03 2.36| 2.11| 1.87| 2.30
-60.0 5.20| 4.76| 4.33 | 3.76| 2.86| 1.84| 1,60] 1.39| 1.32
-50.0 4.50 | 3.10( 3.53 | 3.84| 3.01| 1.93) 1.60, 1.14| o0.91
-40.0 5.75| 4.16| 3.18'[ 2,72| 2,36 2.,24| 1.52| 1.38 0.92
-30.0 4,75 | ' 3,48( 2.55 | 1.90| 1.53| 1.47| 1.28 1.07| 0.78
20,0 4.01| 1.63] :1.79 | 2,03 1.55| 1.30| 1.06. 0.97 0.66
-10.0 4,44 o0.56| 1.47'| 1.53| 1.27] 1.06 1.05| 0.86] 0.52
0.0 4.32| 2.66| 2,12 2.23| 1.46] 1.231{ 1.08 '0,92| 0,56
10.0 5.84| 3.78| 3.22| 2.,29| 1.38| 1.24| 1.17| 1.16| o0.61
20,0 4!43| 3.32| 2,65 2.19| 1.65 1,23{ 1,48 1.40! o0.75
30.0 6.331 3.99| 3.18| 2.27| 2.26| 2.07| 1.72| 1.53| o.85
40.0 ; 6,20 2.93| 3.701 3.34| 3.54( 2.60{ 2.20| 1.07| o0.82
50,0 4,43 3.03| 4.22| .50 4,68 5.30| 2.95( 1.62| 1.37
60.0 3.99) 3.87| 4.28( 3.89| 3.18| 2.38( 2.52| 3.12| 2.16
70.0 3.95| 3.60| 4.28 | s5.03| 3.39| 1.98| 2.49| 2.96 2,64
80,0 3.55| 4.60) 3.97 [ 4.20| 2.61( 1.66| 2.22| 2.37| 2.23
90,0 2.97 | 1.76| 4.33] 6.03| 4.44| 1.95| 1.96| 2.20| 2.17
100,0 6.90| 7.06f 5.24( 3.97| 3.11| 2.55| 1.96| 1.74| 1.86
110.0 4.64 | 7.40f 5.37| 5.01| 4.34| 4.52| 2.66| 1.60| 1.30
120.0 4.97 1 4.72( 4.67 | 4.36| 3.80| 2,93| 2.40| 1.95| 1.30
130.0 4.99 | 2.96| 3.40 | 2,71 1.80| 1.10] 1.52] 1.11 0.95
140.0 2.94| 2.45| 2,10 2.i7]| 1.51| 1.30 1.13{ 0,99/ 0.79
150.0 2.77) 1.29| 1.49| 1.40f 1.03]| 0.72 0.85] 0.86] 0.73
160.0 3.441 2,07( 1.44 | 1.19] o0.89| 0.96| 0.91] 0.93| o0.79
170.0 - 1.21] 1.10 ( 0.93] 0.75| 0.85] 0.91] 1.00] o.88
180.,0 — 1.04)| 0.99 |['0.73| o.69| d.85| 0.88| 0.84| '0.76







Table A-9

_...STANDARD DEVIATIONS ABOUT THE MEDIAN FOR THE HOR1ZONTAL UNBALANCED DIPOLE

T IN THE CLEARING--E_ AT 75 MHz
S¥Etlon [30.0 f18.0 120.0 | 25.0 [ 30.0 |35.0 | 40.0 |45.0 | 50.0
| Aximuih | |

-170.C 3.35| 2.12| 2,74 3.81| 4.59] 4.35] 3.02| -- -
-160.0 2.26 . 1.16| 1.97| 1.86| 2.42| 2,01 | 2.38] 1.67 --
-140,0 2.06 | 1.61) 1.49| 1.28| 1.60) 1.90| 1.64] o0.91 -
-140.0 1.341 0.90( o0.89| 0.93! 1.14| 1.07) 1.24| 1.s6 -
-130.0 0.68 ) 0.41f 0.59| 0.45| 0.55| 0.57| 1.02] 1.26 -
-120.0 0.591 0.29| 0.45| 0.73| 0.50| 0.55| 0.87 | 1.06 --
-110.0 0.411 0.18| 0.30( 0.38( 0.40| 0.32| 0.69| 0.86 --
-100.0 0.55] 0.16| 0.26 | 0.31| 0.46| 0.64| 0.78] o0.50 -
-90.0 0.53| 0.28| 0.34| 0.30| 0.35] 0.48( 0.77] 1.27 --
-80.0 0.58| 0.66| 0.52]| 0.49| 0.47) 0.47| 0.55| 0.64 -
-70.0 0.51f 0.47( 0.57| o0.4c| o0.64| 0.52| 0.75| 0.93 --
-60.0 0.63| 0.66| 1.00| 1.42| 1.18]| 0.78] 0.87 | o0.87 --
-50.0 0.611 0.55| 0.81| 1.29| 1.31| 1.32| 1.07| 0.36 -
-40.0 0.60| o0.68 0.81 0.91( 1.07| 1.00| 1.28| 1.44 --
-30.0 1.35 ¢ 1.28( 1.25] 1.33| 1.56] 2.36| 1.69| 1.2% -
-20.0 3.20| 2.04) 2.03| 1.88| 1.80| 1.91| 2.23| 1.s0 --
-10,0 4.401 3,91 2.94| 2.25| 3.12| 3,80 3.77| 2.87 -
0.0 4.65| 4,70 3.82| 3.55( 4.02{ 4.20| s.15!| 6.02 -
10.0 4.79 | 4.21| 3.84| 4,69 4.68( 5.04| 4.44| 4.38 -
20,0 2.3+ 2.85)| 2.63| 2.48| 2.98| 3.99! 3.00| 2.38 -
30.0 1.88| 3.08( 1.91| 1.16| 1.64) 2,24 1.90] 1.33 -
40.0 1.451 0.69| 0.79 1,20 1.56| 1.62| 1.42| 1.15 --
50.0 0.891 0.39( 0.63| 0.85| 1.16| 1.57| 1.41] 1.43 --
60.0 1.911 0.84] 0.59| 0.60| 0.72 0.76| o0.84 | 1.21 -
70.0 4.141 1.06( 0.55| 0.34| 0.41) 0.56| 0.84| 1.14 8
80.0 2,50 1.07 0,73 0.62 0,51 0.55 0,70 1.03 -
90.0 ° 1.201 1.08) 1.01) 1.35] 0.77]| o.41| o0.59] o0.47 -
100.0 1.491 1.15( 0.91] 0.92| 0.68| 0.39| 0.70] 0,91 -
110.0 2.16 | 1.50| 0.92| 0.50( 0.50| 0.60| 0.52]| 0,49 =
120.0 379 2.14| 1.21] 0.83] o.53 0.43| 0.51| 0.74 -
130.0 2.94( 1.62f 1.09( 0.95| 0.75| 0.60| 0.57| 0.32 -
140.0 2,071 0.58| :.02| 0.81( 0.86| 0,76 | 0.74| 0.8 --
150.0 2.121 L.7af 1.25| 1.56| 1.33| 1.56] 1.25] 1.13 -
160.0 1.78 1 0.61| 1.00| 0.66( 0.78| 1.13| 1.37| 1.68 -
170.0 3.80 ) 2,49 2.24| 2,47 1.66| 1.83( 2.36 | 3.43 =
180.0 5.231 3.62) 2.76| 2.91| 3.44| 3.66| 2.65| 1.92 =

i i
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Table A~10

STANDARD DEVIATIONS ABOUT THE MEDIAN FOR THE HORIZONTAL UNBALANCED DIPOLE
IN THE FORES'X‘--E'1 AT 75 MHz

evation [10.0 18,0 [20.0 [25.0 |00.0 3.0 | 40,0 |<a.0 |Bo.0

| Amimaih
=170,.0 .29 2. 18| 28| 2.80 | 2.39 1.77 1.45 1.1y | o.80
=L@, & 2.38 | .80 | 2,90 | .48 | L.02] L.3m L47 ]| LM 0.77
=180.0 .07 334 24d| 373 | 301 1,83 Lyo | 1.0d| 1,30
=1Jd, 0 O.38 ( 4,08 | 4,00 4.48 | 3,81 | 1,80, 1.89 1,7 1.01
=130.0 .33 | 57| 2.8 | w10 | .88 293 1.ma 1,8 | o, 08
=130, 0 .83 | 2,83 ) 3.88 | 2,07 | .71 | 3.08| 2.31| 1.7 | o.77
=110, 0 301 .81 209 9,90 | 4| 2.0 2.0 248 | L.87
=100, 0 ST .87 308 3.04 | 247 | 23| 210 .31 1,00
=0, J.88 0 20| 3.8 328 | 237 | 177l s.04 .04 | 1,98
=B, f 379 .73 a3 aae | 3.7L| 08| 2.1 218 | Z.51
=T0.0 .64 2,08 301 .08 | 3,40 2.02 .80 [ 2,37 2.00
=80, 0 LB8 | 298] 2.88| 300 | 2,08 2a1]| 344 .34 | L.68
=50, 0 443 [ 04| 2.03| 2,00 | 2.7r| 2] 1em .68 | 1,19
=40, 0 3.2 2,39 229 | am | zee| Loe L68 [ 1,41 0,81
=P, 0 A3 2| 2w 202 | moar| LT Lo | 2,04 | 1,18
=20 s 3 aie| .20 | 3| 7.Te .92 ) 211 | o.ed
=1, 0 270 [ Rev| 08| 2,12 3.869| 2.m .70 ( i.06 | D.83
0,0 4% 2| 04| w98 | 247| 287 3ms i;45 | o,78
10,0 1,97 | .81 | poey| a87 | a.mi| 2.00] 1.81 l.48 | 0,58
S, 0 .83 2.88 2,98 w1 | 248 Lowy LA LB o.84
A, 0 2.3 a2 298| 3,08 | 260 2.77]| 18 .24 | O,717
A, 0 .81 3| ner| a8e | 2.3 z.83] 1.0 1.3 | o901
A, 0 EAL( 208 a8 | am | 2.7 ms3| 108 L.yo) 1,12
i, 0 242 39| a4 e | 2ol ., 1.7 | L.0d4 | 1,44
fo.a LM | | 300 | 2.73] %40 .30 2,30 1,86
Wi, & .23 A0 oee| 283 | 2| nmn P T
0.0 .91 w0 2.m3| 3.7 | 2.74| 287 5.60 .88 2,10
L, 0 2,88 | aqn 3,41 .40 | 3,07 2.07| a.0m 2,83 1.8
Lio.o .90 | A48 .04 223 | zoew | mov B 531 1.80
L, 6 .2 [ L8| 4| 220 | zoer| s.ea]| 2w b.m | .00
L. o .04 3| 20| 2,40 | a1 1.8 LAl | wivr| i.0m
ida,0 .8 s e voa | e8| 22| 137 b3 | o.88
180, 0 2,73 a3 | 3.0 | 238 | 200 1. LoAn | o867 o,74
160, 0 .00 48] 248 2| 2se| 1,82 L.ar | n.o0| o,.08
L300 2% | M| 281 a.ee | 2.87] 1oa| 1. 12| o.08 | o.an
L. o LMol 2an) 308 3,90 | 28| n.ae| Lad 1.33 | 0,78
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Table A-11

STANDARD DFEVIATIONS ABOUT THE MEDIAN FOR THE HORIZONTAL UNBALANCED DIPOLE
IN THE FOREST---E0 AT 75 MHz

levation [10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0 50.0
Azimuth
-170.0 2,08 1,88 2.36 2.86 3.22 2,63 2,39 2,07 -
-160.0 2.44 1,83 1,59 1.67 1,73 1.73 1.83 1.50 -
-150.0 2,34 1,51 1.60 1,31 1,03 1.13 1,12 1.30 -
-140.0 2.40 1,72 1.63 1,44 1.24 0.90 0.94 0,93 -
-130.0 1.99 1,72 1.56 1,34 1,17 0.94 0.97 0.90 -
-120.0 1.46 0.91 0.84 0.60 0.97 1.06 0.93] 0.68 -
-110.0 1.30 0.99 0.91 1,03 1,40 1.43 1.18] 0.72 -
-100.0 0.75 0.77 0.86 1.08 1,12 1.08 1,01 0.68 -
=-90.90 0.83 0.71 0.83 0.91 0.67 0.61 0.71 0.66 -
~-80.0 1.10 0.90 6,79 0.74 0.90 1,12 1,06 0,87 -
-70.0 1,04 0.82} 0.83 0.91 1.12 1.30 1.13 0.77 -
-60.0 1.20 1.15 1.23 1,30 1.21 1,22 1,05 0.67 -
-50.0 1.41 1,47 1.54 1,14 1.18 1.20 1.26 0.99 -
-40.0 2,05 1.81 1.47 1,12 1,13 1,51 1,31 1.11 -
-30.0 2.64 1,78 1,50 1.83 2,09 2.12 1.71 1.42 --
-20.0 3.08 3.40 3.68 3.87 2,84 1.96 2.04 2.29 -
-10.0 2.73 3.11 3.66 3.54 2.64 2,04 2,30 2.43 -
0.0 2,87 3.09 3.79 3.82 3.02 2,41 2.47 2.61 -
10,0 3.30 3.44 4,27 4,54 3.75 2.79 2.75 2.96 -
20,0 3,57 3.49 3.55 2,98 2,59 2.30 2,45 2.40 --
30,0 2,64 2,53 2.57 2,34 2.16 2.19 1,98 1.80 -
40.0 1.94 1,88 1,58 1,70 1.98 1.85 1.63 1.52 -
50,0 1.99 1,74 1.37 1,31 1.46 1.47 1,23 1.313 -
60,0 2,55 2.)0 1,18 1,22 1.20 1,15 0.99 1,07 -
70.0 2.16 2,24 1.16 1,12 0.87 0.80 1.24 1.04 -
80.0 1.86 2,15 1.03 1.00 0.79 0.68 1.83 2.32 -
90,0 2,17 1.88| 0,76 0.81 0.75 0.77 2,31 3.29 -
100.0 1.85 1,74 0,66 0.54 0.66 0,78 1,83 2,71 --
120,0 1.56 1.49 0.78 0.73 0,74 0,82 1.13 1.46 -=
120.0 1.75 1.26 1,03 1,06 0.83 0.79 1.09 1.23 -
130.0 2.21 1.65 1.35 1.25 1,02 1,13 1,56 1,52 --
140.0 2,15 1.93 1.64 1,00 1.36 1.48 2,04 2,18 -
150.0 1,77 1.62 1.76 1.61 1,92 2.00 2.65 2,80 -
160.0 2,67 2,93 2,78 2,74 2.68 3.03 2,67 2,28 -
170.0 2,60 3.73 3.10 2,50 2.51 3.03 3.14 3.09 -
180.0 1,87 3.16 3.22 3.09 3.29 3.09 2.61 2,00 -
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Table A-12

STANDARD DEVIATIONS ABOUT THE MEDIAN FOR THE VERTICAL SLEEVE DIPOLE
IN THE CLEARING--EH AT 75 MHz

gvatiop (10,8 (15,0 | 20,0 [25.0 | 30.0 | 38.0 | 40.0 3.0 | 50,0
A Lnuth
=170.0 LMy L 31| 1.21| o.88| o0.88] oo 0.88 | 1,31
=160,0 L.BOY A58 Lar| L7 o0 .88 o.e8 0,02 1.16
=1n0, 0 .08 | 184 a6 1,80 18] {.on o.M 083 1,13
-140.0 191 1,40 1.4n 1,38 0.9l | 0.83| 083 o.81| 0.9
=140, 0 .z | Las) L1 Lom o8| 0,71 0.7 o,7| 0,79
-100,0 1.98 1 LU7( 106 080 o.7v3| o.87] .70 o.80( 0.7
=110,0 Lo | 1,08 ) 1,10 J.:ml L.i4| o786 0,75 o.75| o.84
-100,.0 LS| a4 00| 144 1,91 o.u 080 o.9al o0.m
=00, 0 L2o | Loa| b8 .38, 124 108 o.m4 0,88 | 0,88
-8U.0 233 L) LA L s poal| v.ew 0. 0,40
-70,0 .48 | 205 1.79| 189 1.28| 0.1 o.ms 0,83 | 0,70
-60, 0 2,00 151 1,53 1.33] tod| o9 oir7| om0 0.869
~50.0 LS8 L#4| Lw| L] o.ee| o7 0.60 | 0,88 O,94 '
=40.0 1.8 | LA | L7 a4 o.my| e.sz| ol 0,63 0,83
40,0 .56 ) 1.42| | 1,31 o.s0| 0,58 0.85 | 0.67| 1,47
=20,0 .07 | 0.00) 0,00 0,97 o.94] v.02| 0.03] 1 ap 1,75 |
=10.0 304 1.0 o8| 04| 5.10| o.es 1.00 | L.oa| 1,50
0,1 257 LaE| L oLan| o.e4| o.omg .84 | o.83( 1.13
w.n $ML LM oL 137 0.1 o.sE 0.7 | o801 1,13
an, o 2.72 | 222 187 L.4%| 0.9 (.1 0.85 | 0,00 | 3,01
20,0 FA7 ) a4 | x| ned| a4 1ae t.oo | Lo/ o4
40,0 L3 L) nor)| vl 78| 179 Log | 107 o.p3
M1, 0 .30 | L.44| 1vs| wom]| 148 140 0.8 | 87| 0,08
o 3,84 1.82 1,71 I, 66 ¥, B4 LR Lk LU | 0.aT [
0,0 b.42 | 2.08) Lvs| to7| o.67| o.88 0.8l | v.84 w0.00
B0, 0 .18 | 2.35| 27| 106 o.08| o.es o.88 | o080 o.83
i, i .90 | 2,92 a.0u| 2,99 .| our| o.87| o, i T}
100,10 L3 hov | wee| a8 2oea] oome U8t | O.88| D.83
110,06 .79 [ s | 249 z.00| weo| o)74 0,7 | 0,84 0, 83
120, 0 2,08 | Lea] Lwo!| 160 1,07 o.80 0,83 | 0.67| 0,88
1300 L2 LT el | s Loa| oor a1 o712 aon
140, 0 2,45 .82 2,04 1.6 0. 58 a0 k.71 o, a5 0,78
150.0 A6 | 3] el Las| 0,71 ook R | oe1 | ooow
160,0 2820 kR 1,41 Lot | Doae| o,e| p,8s U85 | §.el
170.0 1,74 1.17 1.34 L.a2 0.7l a.a7 Ty 0,64 1,08
180,0 L.1m l.3%6 1.17 118 LI o, Tu LE ] b, 4 1.8
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Table A-13

STANDARD DEVIATIONS ABOUT THE MEDIAN FOR THE VERTICAL SLEEVE DIPOLE
IN THE CLEARING--E® AT 75 MHz

levation[10,0 |15.0 | 20.0 |25.0 | 30.0 |35.0 |40.0 |45.0 |50.0
Azimuth
-170.0 3.04 | 1,75} 2.25 | 2.31| 2,08 2.11| 2.26 | 3.34| --
~160.,0 2,67 | 2.35( 2,21} 2.31| 1,19 o0.81| 0.81 ] 1.23| --
-150.0 2.80 | 3.30] 2,90 | 2,07 1.39 | 1.01| 0.96 | 1.22 =—
| -140.0 3.82 | 3,77| 3.39 | 3.02| 1,97 | 1.18| 1.28 | 1.51 -
-130.0 4.36 | 3.95| 4,08 | 3.48| 2.43 ) 1.93] 1.88 | 2.23 -
-120.0 4,03 | 3.80| 3.98 | 3.03| 2.33| 2,16 2.35| 2.13| --
-110.0 4,44 | 4.16| 3.49 | ".,41| 2.56 | 2.36| 2.89 | 2.61 o
-100,0 3.31| 3.30| 3.91| .86 3.66 | 3.46| 3.79 | 3.91 o
-90.0 3.37 | 3.39| 3.72| 3.88| 4.18 | 3.95| 3.42 | 2.70 { --
-80.,0 4,06 | 3.22( 2.93| 2.94| 3.12| 2.70| 2.22 | 1.32 o
-70.0 2,98 | 1.58| 1.67 | 1.97| 1.82 | 1.57| 1.72 | 1.26 —
-60.0 2,12 | 1.34| 0.99| 1,18 1.13 | 1.12| 1.26 | 1.17 =
-50.0 2,03 | 2,37 1.61] 1.22| 1.31| 1.25| 1.34] 1.48 o=
-40.0 2,65 | 2.71| 1.96 | 1,51 1.45| 1.27| 1.51| 1.68| --
-30.0 2,94 2,54 1.,55! 1.57| 1.70 | 1.71{ 1.40 | 1.07 —
-20.0 3.18 | 2.83| 1.54 | 1,71} 1.57 | 1.40| 1.17 | 0.97 =
-10.0 3.76 | 3,79 2.30] 2.07| 1.35]| 1.40| 1.39| 1.57| --
0.0 3.94 | 4,14 3.01| 3.16| 1.71] 1,52| 2.10| 2.32 o
10.0 4,21 | 4,75| 3.84| 3,58| 2,98 3,12 2.78| 2.64 | --
20,0 4.38 | 4.37| a.07| 3.99| 3.84| 3.98| 3.68| 3.52 o
30.0 4,31 | 4.23| 3.85| 3,96| 3.76 | 3.57| 3.83| 3.53 =
40,0 3.98 | 4.11( 3.42| 3.36| 3.13 | 3.20| 3.48| 3.60 5
50.0 4,18 | 3.,97| 3.40| 2.93| 2.64| 2.84| 3,06 | 2,99 | --
60.0 4,19 | 4,40| 4.16 | 4.40| 3.49 | 2.65| 2.26 | 1.88| --
70.0 4,43 | 4,30| 4.49 | 4.88) 3.46 | 2.47| 2.15| 2.12 ——
80.0 4,53 | 4.07| 4.21] 3,99! 2,69 | 2.48] 2.25| 2.65 -
90.0 4,18 | 4.88| 4,43 | 4.12| 2.31| 2.16| 1.84| 2.27 -
100.0 4,61 | 4,69| 4.34| 3.,76| 1.73| 1.68| 1.85| 2.16 -
110.0 4,47 | 4.96| 4.03) 3.32] 1.71| 1.55| 1.65| 1.68 =
120.0 4.31 | 4,39 3.92| 3.83| 1.74| 1.61| 1.82| 2.04 -
130.0 3,90 | 3.48| 3.25| 3,28| 1.61 | 1.63| 1.89 | 2.37 =
140.0 2,92 | 2,58 2,61| 2,43( 1,10 | 1,36 1,73 | 2.53 | --
150.0 2,94, 2,79| 2.65| 2.16| 1.37| 1.58| 1.42| 1.84 X
160.0 3.44| 3,72 3.15| 3.01| 2.38| 1.65| 1.27 | 1.46 .-
170.0 1,37 | 4.08] 3.99 | 3.93| 2,64 | 1.67| 2.71 | 3.18 -
180.0 4,71 | 3.88| 3,44 | 3.04| 2.29| 2.42] 3.45| 4.92 —
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Table A-14

STANDARD DEVIATIONS ABOUT THE MEDIAN FOR THE VERTICAL SLEEVE DIPOLE
IN THE FOREST--Ee AT 75 MHz

ilevation [10.0 | 15.0 | 20.0 25.7% ©30.0 | 35,0 |40.0 |45.0 ]50.0
Azimuth N :
_ = -
-170,0 3.89 4.34| 4.38 | 4.21| 4.23| 3.36| 3.09 | 2.14| 1.68
-160,0 3.32| 4,36 | 4.51 4.88| 4,47| 3.06| 2.65| 1.70| 1.58
-150,0 3.48 | 4.21| 4.14| 4.10| 2,97| 2.05| 2.29 | 2.08| 1.82
-140.0 3.88 | 3.93| 4,10 | 4.19| 3.27{ 2.29| 2.10 | 1.74| 1.83
-130.0 3.57 | 4.39| 4.27 | 4.37| 2,78| 2,19| 2.18 | 2.12| 2.90
-120.0 4.52 | 4,76 | 4.55 | 4.07| 2.38| 2,19 2.45 | 2.67 | 3.00
-110.0 5.22| 4.96| 4.65| 4.72| 3.51| 2.84| 2,92 | 2.90| 3.43
-100.0 4.27 | 4.28| 4.51| 4.69| 3.87| 3.53| 3.26 | 3.25| 4.01
-90.0 3.76 | 4.35| 4.42| 4.16| 2,95 2,54| 2.57 | 2.42| 2.80
-80.0 3.91| 4.96| 4.29 | 3.69| 2,17 1.98| 2.12 | 2.27| 3.04
-70.0 3.54| 3.62| 3.32| 2.80| 1.66| '2.05| 2.26( 2.77| 3.63
-60.0 3.31 ) 2.67| 3.04| 3.47| 2.,41| 2.04| 2.39 | 2.68| 3.02
-50.0 3.39 | 3.53| 3.64 | 3.98| 3,18 2.45| 2.71] 2.97| 3.11
-40.0 3.36 | 4.02| 3.92| 3.94| 3,44 2.90| 2.87 | 3.07| 3.18
-30.0 3.58 | 3.75| 3.75| 3.63| 3.05| 2.53| 2.57 | 2.29| 2.38
-20.0 3.66 | 3.89 | 3.80| 3.87| 3.54| 3.00| 2.53| 2.44| 2.17
-10.0 3.86| 3.85 3.68| 3.91| 4.19, 3.75| 3.37 | 3.57| 2.97
0.0 4.23| 3.25| 3.68| 3.98| 4.26| 4.24| 3.85| 4,09 3.99
10.0 2.68| 3.50| 3.89 | 4.19| 4.04| 3.31! 2.79 | 2.81| 2.75
20.0 3.70 ° 3.88| 3.63| 3.53| 2.,99| 2.36| 1.27| 1.36| 1.57
30.0 4.12 | 3.23| 3.16 [ 2.96| 2.36| 2.84| 2.31| 2.43| 2.38
0.0 3.39| 2.45| 2.8 | 3.06| 2.86| 2.79| 3.15| 3.77| 3.71
50.0 3.73| 2.97| 2.81| 3.01| 3.06| 2.88| 3.75| 3.89 ] 4.03
60.0 3.23| 3.18| 3.05 | 2.72| 2.70| 3.23| 4.23| 4.52] 4.59
70.0 2.28| 2,95| 3.14| 3.09| 3.35| 3.22| 3.84| 4.21| 4.65
80.0 2.101 2,99 | 3,20 3,91| 3.74| 3.26| 3.24| 3.50| 4.09
90.0 3.05| 3.03| 3.03| 3.33| 3.00( 2.8 2.61| 2.81| 3.47
100.0 3.10 3.15| 2.98| 2.56( 2.09| 2,21 2,16 | 2.34| 3.13
110.0 3.15 4,38 3.95 3.52 3.16 2,78 2,84 2,56 2.98
120,0 2.83| 4,00 4.11| 4,01| 4.05| 4.01| 3.85| 3.04] 3.25
130.0 2.26 | 3.82| 3.97 | 4.18| 3.85| 3.90! 3,94 4.20| 3.29
140.0 2.61| 4.08| 3.,93| 3.85| 3.22| 2,93| 3.08]| 3.21| 1.67
150.,0 3.311 4.08( 4.10| 3.95] 3.59| 3.37| 3.30| 3.45| 3.08
160.0 3.22) 4.39) 4.45| 4.47| 4.18| 3.51| 3.62 | 3.63] 3.59
170.0 3.57| 4,69 4.68 | 4,70 4.70| 4.05| 3.75| 3.66| 3.48
180.0 4.09 | 4.84| 4.84 | 4.96| 4.54| 3,98 3.68| 3.52{ 3.15
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TA-8663-210

FIGURE A-14 CONTOUR PLOT OF THE MEDIAN RESPONSE OF THE VERTICAL SLEEVE
DIPOLE IN THE FOREST—E, AT 75 MHz ' .
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v | Table A-15

: I
STANDARD DEVIATIONS ABOUT THE MEDIAN FOR THE VERTICAL SLEEVE DIPOLE
IN THE FOREST--E, AT 75 MHz

e ,

i

| T~—Elevationl10.0 [15,0 |20.0 25.0 | 30.0 | 35.0 | 40.0 | 45.0 |50.0
-170.0 3.90 | 4.34| 3.45 R 2.03. 1.68| -- -
-160.0 3.36| 2.97| 2,91 | 2.84 2,49 2,18, 1.89| -- --
-150,0 0 1.601 1,13]'1,74| 2,15 1.81| 1,90| 2,160 --,| --
-140.0 ; 1,78| 1.61| 1.70|' 1.68| 2.27| 2.63| 2.22| -- =
-130.0 i 2,69 2.,66| 2,57 | 2,16 2.13| 2,21| 2.33 -- --
-120,0 | 3.67 3.33| 3,27 2.85| 2.93| 2.63| 2.51| 2.18| -~
-110.0 4.28 | 3.90 3.93| 3.14| :3,03] 2.84| 2.93| 2,57 --
-100.0 4.06 | 4.27 3,91 | 2,92| 2,87 2.68| 2,50 2,27| --
-90.0 ' |'3.12| 3.55( 3.68| 2.65| 2,59 | 2.,37| 1.99-| 1.63| --
-80.0 3.91| 3.87| 3.23| 1.90{ 2,08| 1.82| '1.84] 1,83 | --
-70.0 3.66| 3.53| 4.06 | 2.94| 2.61| 2,18| 1.82] 1.50| --
-60.0  4.38| 5.66| 4.42| 2.42| 2.56 | 1.89| 1.83| 1.68| --
-50.0 4.31) 4.03( 4.11| 2.70| 2.30| 1.96| 1.99| 2.15| --
-40.0 2.60( 2,17 | 2.80| 2.70| 2.63| 2.22| 2.08| 1.87| --
-30.0 1.65| 2.28| 2.28| 2,40 2.16 | 2,10{ 2,14| 2.01| --
20,0 2.43| 3.72| 3.10| 2.51| 2,12 2.53| 2.33] ‘2.19| --
} -10.0 13.26 | 3.52| 3.31| 3.06| 2.40| 2.53| 214 2.48| --
0.0 ' 3.39 3,59 2.98| 2.,31| 1,98 2.18| 2.36| 2,25| --
10.0 1.79 ] 1.88| 2.33| 2,50| 2.57| 2,77 2.56| 2.18| --
20.0 2.24| 2.39| 2.42| 2.41| 2.40| 2.57| 2.10] 1.57| --
30.0 | 2.74| 3./24| 3.17| 2.63| 1.54| 1.60| 1,76 | 1.76| --
' 40.0 2.88| 3,27 3,04 3.09| 1.72,| 1.64| 1.53| 1.57| --
50.0 ' |'z.99| 3.42| 3.14| 3.27| 1.65| 1.53) 1.42] 1.41| --
0.0 3.26 | 3.83| 3.31| -2.90| 1l.22| 1.13| 1.27| 1.31] --
70.0 3.30 | 3.34) 2,79 2.56| 1.12| 0.92| .18 1.26| --
80.0 | 2.49| 2.25| 2.45| 2.70| 1.76 | 1.59| 1.61| 1.86| --
| 90,0 2.05| 2,09( 2,70 2.75] 2,59 | 2.35| 2,64 3,04] --
1000 : 2.06 12,17 2.65| 2.36| 2.53| 3.23| 3.68! 3,09 --
110.0. 2.22 | 3.23 3.15| 2.71] 2.89| 3.75| 3.80| 4.43| --
120.0 2.67| 3.56| 3.46| 3.05| 2.82| 3.18| 3.35| 3.43| --
130.0 /3,16 | 4.80] 4.08| 3.56| 3.20| 3.72| 3.27| 2.94| --
140.0 2.94{,3,74| 3.49| 3.08| 2.89| 2.84| 2.55| 2,45 --
1150.9 . 2.80 | 2.63| 3.16| 3.03| 2.60| 2.66] 2,59 | 2,44| --
160.0 4.09 | 5,01 3.94| 3.50| 2.82| 2.50|i2. 44| 2,19 --
170.0 2.75| 3.18) 3.29| 3.41| 25| 2,06| 2.49| 2,98, --
1180.0 1.83 2.,44) 2.74| 2.49( 1.65) 1.60| 1.73| 1,84 --
]







STANDARD DEVIATIONS ABOUT THE MEDIAN

Table A«16

IN THE CIEARING--E‘ AT 100 MMz

FOR THE HORIZONTAL UNBALANCED DIPOLE

118

yvation (0.0 (15.0 | 20.% 7.0 [ 30,0 |85.0 |40.0  95.0 80,0
Arimuth
=iro.0 LT e nod| 1.oa| o.ee | 0.8 0.7 | 0.8 oO.8
=180, 0 .3 Ll oLl e | des 1.30 | 0,83 | o.92
=150, 0 .33 | LW L] m] o] wae 0,8 | .48 | 1,38
~ja0.0 .34 | 1.9 Lea| L o84 0,00 o.M | L1 s
=100,0 .3 03| 2| Lew| 1,02 0,20 o.M | o.m | 0,88
=190, 0 367 nm| ama| e 3| 0.10] Low 0.9 | 1.8
=110,0 .49 | 38| | 572 8| ey ® | 2.4 1,02
=100, 0 I8 a3 e om3) son| nee| 304 .90 | 4.0
=00, 0 .81 | A4 w0 233 3| 200 3.4 M| 24
0. 0 L7 bosal e aam| o3| 3.4 .84 1.8 2,43
=70,0 .40 | 203 o3| 10| 1w | om 2.0 | oo | .72
~&0, 0 1.49 1 2.50 23| 2.0 moae| aae e | 1,08 | .08
=50, 0 M| ol Lrr| Ll 1w | oo L3 | o.m| o.mc
- 40,0 107 M| Lae| was| o.ma| o1 088 | 0,58 | 8.8
=30,0 .81 | 1.33( 14| 1.3 o.% | 0.3 0.5 | .88 | 0.8
-30.0 ATHL LA dom] a8 100 pose 0.8 | 0.8 | 0,43
«10,0 208 | 1| 497 173 o.7e | 0.8 0,80 | o.08 | 0,88
0,0 .00 | L7T| 1.1a) Ly owr| o1 0,7 | 0.6% | 0.5
10,0 B87 ) Leo| 168 1eo| 1.0 oes o.81 ) o.68 | 0,81
.0 .30 | %kl voea| er| 1.1 o.va 0.8 | 0.0 | 0.4
30,0 hAa ) Lol L) pLea)| 8] Lo 0.8 | o807 | 0.8
W, 0 L9 LT 2| e ami| poas 0.8 | o.r2 | o.80
0.0 T 2880 08| 2.4m| 218 i.73 L.l | o7 | 0.2
o). 0 9 s34 aen| doem| n03| 9.3 sl L3 | 1.
0.0 .04 3.0 wa1| s.em Q13 L | 2o d.a | 1.ee
o, b LT | a0 asr] aee ]| g 286 | 3.58 | 200
i1, O O am| aem| e x| an 188 | 4| 100
100, 0 i, 0n i, 80 1, &8 3, 58 J.0h4 J,T3 2.4 2, 4n 2.8
110,06 3,97 38| a.m| o8| 107 30| 27| o3| 1,14
130.0 3.0 388 dax| aem| 3.80( 273 LLm| 187 | 1.1
10,0 00| 30| a3 40 s40] 0,04 .20 | o.98 | 0,03
L0, 0 1.0 212 2.m| .73 ILes 0.8 093] v, 18 | o.83
1800 a1 e w3 e 1.3 093] o.80 | 0.7 | 0.8
180, 0 Lok 3| 2| 28| 111 0,4 B8 | o8 | 0,8
i7m0.0 08| Lw| ]| 147 0.4 0,15 ) .48 | 0. 44 | 078
1800 28] 00| 204 108 o.44| 0,08 8,37 | 0.77 | o,88







Table A-17

STANDARD DEVIATIONS ABOUT THE MEDIAN FOR THE HORIZONTAL UNBALANCED DIPOLE
IN THE CLEARING—-E‘ AT 100 MHz

levation| 10,0 15,0 20.0 25.0 30.0 35.0 | 40.0 | 45,0 50.0
Azimuth s
-170.0 3.41 2.48 3.46 3.04 3.65 3.86 2,60 - --
-160.0 2.16 1.79 2.42 2.97 3.56 3.14 2,51 1.12 --
-150,0 1.81 1.02 1.56 1,72 2.8 2,58 2,08 0.61 -
-140.0 1.23 1,08 1.11 1.19 1.898 2,31 1.66 0,97 --
-130.0 1.08fy 0.97| 0,99 0.98 1.45 1,68 1,39 0.4% -
-120.0 0.84) 0.68 0,93 1.11 1,36 1.46 1.13 0.63 -
-110,0 0.81 0,66 | 0,94 1,63 1.24 1,03} o0.88 0,37 --
-100.0 0.82]| 0.46 0,74 0.92 1.24 1,05 0.74 0.38 -
-90.0 0.91} 0.40 ] 0,62 0.91 0.94 0.82] 0.71 6,78 ==
-80.0 0.98| 0.52 0,77 0,97 0,77 0.64] 0,59 0,40 --
-70.0 1.09 1.02 | 0.81 0,60 0.66 0.56] 0,33 0.48 -
-60,0 0.80| 0.89| 0,87 0,69 0.78 0.72| 0,69 0.43 -
-50.0 1,27 1.47 1.18 0,72 1,01 0,94 0.87 0,50 --
-40.0 1.74 1.351 1.40 1.31 1.42 1.38 1,02 0,76 --
-30.0 2,36 2,08 2,14 1.72 1.77 1,37 1,21 0,93 --
-20.0 3.74 4,43 3.46 2.39 2.40 2,18 2,02 1.38 --
-10.0 5:.48 3.93 3.38 3.40 3.25 3.08| 3.34 2,49 -
0.0 3,77 3.84 3.90 3.95 4,01 4.13 4,39 3.19 --
10.0 3.98) 3.47 3.88 3.82 3.96 2.70| 3.34 3.49 --
20.0 2,22 2,29 3.08 5.34 3.11 1.87 1.68 1.56 -
30.0 2,27 1.15 1.72 1.06 1.00 1.03 1.03 0.9% --
40.0 1.46 1.66 1.20 1.22 1.30 1.15] 0.86 0.71 --
50,0 1.42| 0.76 | 0,92 1.18 1.31 1.78 1.04 0,61 -
60,0 2,98 1,14 0,87 0.89 1.06 1.04 0.69 0.36 -
70.0 3.91 1.18 | 0.90| 0,88 0.85 0.78} 0,68 0,51 -
80.0 2,78 1.52 1.08 1,00 0.91 0.86] 0.69] 0.50 -
90.0 1.47 0.8% 1.11 1,27 1.05 1.16 | 0.70| 0.46 -
100.0 2,03 1.29 1.29 1.72 1.28 0.50] 0.40| 0.38 --
110.0 2.44 2.48 1.68 1.54 1,54 1.97 1.11 0,82 -
120.0 2,96 1.72 1.50| 0,77 2,42 3.43 2,08 1.10 -
130.0 3.24 1.70 1,71 1.74 1.88 1.91 1,58 0.89 -
140.0 2.38 1.98 2,03 2,51 2.18 1.80 1.61 1.14 --
150.0 3.93 3.21 2.45 1.%0 2.04 2,86 2,20 2,00 --
160.0 4,78 3,77 3.08 2.41 3.11 3.67 2,96 2,22 --
170.0 6.37| 6.89 4.84 4.51 3.48 3.30 3.87 4,56 -=
180.0 6.32] 6.62 5.11 3,47 3.27 3.24 3.06 1.90 -

120







Table A-~i8

STANDARD DEVIATIONS ABOUT THE MEDIAN FOR THE HORIZONTAL UNBALANCED DIPOLE
IN THE FORES'I’—-Ee AT 100 MHz

levation | 10.0 [15.0 |#0.0 |[2s.0 |20.0 23B.0 (400 | 45,0 | 80 o

| Aximaty
=170, 0 3.48 | 2,35 3,13 .73 | .23 | 1.80| 1 a7 L. | 0,18
=160, 0 .48 3,18 3,32 218 | 348 .87 3,185 1,587 | 0.8
-i80.0 BT7| 2,80 .08 2,95 | 3.04| M2 48| L.98 | o.7E
=140, 0 .08 | 350 397 334 | 3.49| 280 18| 1.%7| o0.03
=130,0 2,00 2.70| 3.44 | 237 ) 201 177 1.88 1.37 | 0O.m7
=130.0 €. 2N 4.98 | 3.494 A% 2.80 2 4T 2,13 &, 24 1.30
=110 A, X7 3,08 .88 3,45 3. 85 4, 7T 4,60 200 1.80
= R, O 3,37 3.33 J, 38 J.43 b P |- | - .1 2.8 2, HB i.43
=850, 0 2,15 3.1 3. 13 2.81 3.11 3,18 3.04 A.45 2.73
=, 0 2.88 | 3.35) 3,19 | 3,27 | n42] 23.07 .00 | 2.40| 1.68
=F3.0 a.04 3. A.18 d,81 A, 08 O, Qs 1,87 2.58 1,08
=i, O 1.13 4.80 2,08 4.8h 2.16 1. 50 1.7 1.4 .78
=50, 0 .15 | 3,33 ) 24| nomd | 1.m2| 1.3 1.18 0,48 | o,80
=4, 0 .07 [ a7 2@ | 295 1.e9| 1.20 1.8 1.%0| o,s8
=00, 0 A, 648 a.07 3.01 2,80 4, B0 L.07 I.14 1.31 0, Ko
=20, .93 403 .70 | a7y | 2.47| 140 L3l ) 1.3 oO.84
=100 2.80 3.1 3,28 4. 13 ] 2.3 1.71 | o.85 ]
.0 2.7 3,04 1. 8% 1,18 1.34 1,58 L.44 1,38 0, 74
10,0 A, 3H a.58 .08 aam 1.T0 1,38 1.Cx| o.77 0,53
an, o 1.2l 243 02| 2.8 | 2.7 L.35 O.88 | 1,05 o.71
0.0 3.45 2,08 2.90| 2.33 | 2.94| 2.9m Lwm| 1,13 o717
0.0 2. 38 a,42 3, 0 a.02 2,88 2,38 1.3 1.1 1,87
50,0 3,09 J.8% a1, 30 1,04 1.7 1.84 1.18 1, im 1.Th
W, 0 J,001 o, 43 J.AR .62 L.41 1,50 1.38 1.04 2.12
70,0 B4 ) aaw| 2,48 | z.02| 264 a.00 | 2.50| m.3A
wo, o 2,73 4,15 4. 45 3.80 2,83 .00 a.ma A.88 N
.0 2. 77 J. 78 3, 7L 3,45 3.4z 2,47 b [ | 4.51 ¥ods
104, 0 3,00 3, a0 3,58 d.84 a, 38 3,38 .60 | 2,58 1.67
e, o 2,83 [ 2,00 | 347 | 2,48 | 3.2 | 309 .03 23| 1,84
130, 0 1.7 A 12| B0 2.00 Z.78 .92 2,13 &,03 1.1
LG, 0 2860 48| 3.1 a.00 | 2.03| .88 | 2.14( 1 S L 5w
140, 0 Lo [ 288 )| 2,75 | 2,92 | 3.08 &0 | 195 | L.av| |.70
10,0 i.19 AR . 0 4,30 2.03 1.858 1,058 1. 18 o.78
Lo, o 2.47 .80 &, T 3,87 .01 1,48 L. 40 1.18 .55
170, 0 2.41 4,88 .84 2.5 1,83 i, 50 1.7 1, D67
180, D :i.:lll 2,12 .44 a.12 1.83 L,03 1.71 AT .85
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Table A-19

STANUARE DEVTATIONS ABOUT THE MEDIAN FOR THE HORIZONTAL UNBALANCED DIPOLE
IN THE FOREST--Eo AT 100 MHz

levation| 10,0 15.0 20,0 25,0 30.0 35.0 40,0 45,0 50.0
Azimuth
-170.0 3.88 3.97 3.73 3.56 3.0 2,40 1,82 0,97 -
-160,0 4.12 3.81 3.60 3.78 2,61 1,43 1.48 0.87 -
-150,0 2,37 1.78 2,23 2,24 1.81 1.40 1.12 0.45 -
-140.0 2,25 1,91 1.99 1.89 1.82 1,61 1,24 0.63 -
-130.0 2,48 2,45 2,27 1,91 1,97 1.58 1,57 0.91 -
-120.0 2.14 2,57 2,19 1.64 1,98 1,76 1.48) 0,97 -
-110.0 1.54 2,02 2.08 1,76 1,56 0.85 1,04 0.57 --
-100.0 1.15 1.60 1.93 1,95 1.65 0.84 0.85 0.40 .-
-90.0 1.19 1.51 1,36 1,47 1.65 0.95 0.82 0.46 -
-80.0 1,16 1,22 1,28 1,58 1,56 1,02 0.97 0.72 -
-70,0 1,42 1,27 1.47 1,61 1.46 0.99 0.85 0.64 -—
-60.0 1,61 1.34 1.15 1.08 1,05 0.76 0.85 0.71 -
-50.0 1,22 1.16 1.14 1,31 1.35 1.20 1,15 0.80 -
-40,0 1,71 1.38 1,31 1.72 1.97 1.72 1,54 1.27 -
-30.0 2,59 2,40 2,66 2,93 2,76 2,35 1.87 1.64 -
-20,0 3.08 3.25 3.44 3.25 3.14 2,72 2.35 1,97 --
-10.0 3.36 3.47 3.34 3.16 2.64 2,69 3,01 3.75 -
0.0 3.31 3.40 3.49 3.75 3.20 3.55 4,00 4,49 -
10.0 3.68 3.78 3.97 3.89 3.70 3.15 3.39 3.30 -
20,0 2,81 2.61 3.29 3.49 3.06 2,38 2,39 1,94 -
30,0 3.03 2,91 2,93 2,96 2,21 1,59 1.15 1,04 -
40.0 3.40 3.29 2,72 2,25 1.60 1,18 0.94 0.77 --
50.0 2,87 2,85 1.84 1.55 0,95 0.97 0.73 0,58 -
60,0 2.84 2,81 1l.45 1,29 0.70 0,73 0.63 0,58 -
70.0 3.02 2,72 1.42 1.46 0,81 0.70 0.70 0.72 -
80.0 2.81 2,85 1,77 1.82 1,21 0.96 0.69 0.69 -
90.0 2,65 2.75 1,87 1,94 1,32 1.15 0.67 0.61 -
100.0 2,60 2,40 1,57 1,71 1,18 1.08 0,82 0.87 -
110,0 2,54 2,46 1.64 1.48 1,17 1.19 1.15 1,32 -
120.0 2,36 1,95 1.53 1.52 1,36 1.50 1,34 1,21 -
130.0 1.92 1,57 1,30 1.19 1.68 1,58 1.59 .50 -
140.0 2,59 2.16 1.87 1,61 2,19 2,52 2,48 1.95 -
150.0 2,94 2,95 2,54 1,76 2,52 2,99 2,68 2,22 -
160.0 2,22 2,43 2,94 2,85 2,84 2,71 3.06 3.21 -
170.0 2,58 3.33 3.45 4,08 3.64 2,73 2,46 2,30 -
180.0 3.11 3.95 3.43 3.07 2.68 2,27 2.16 1,87 -
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STANDARD DEVIATIONS A3OUT THE MEDIAN FOR THE VERTICAL SLEEVE DIPOLE
IN THE CLEARING--E6 AT 100 MHz

Table A-20

levation (10,0 | 18,0 25.0 | Jo,0 40,0 (48,0 |[&6,0

A lmiith
=L70.0 1.43 1.45 L.BY | L.67 1.4]1 i | 247
~180,0 179 [ 1,58 2.06 | 199 L83 ..88 | 1.mi
= LOi 0 .87 L.mg 2,00 | 1.08 178 | L.ad | 2.a9%
=140.0 L.8L | 1,73 ol T A2 v | an
=130, 0 LT 1,71 L.e8 | 1,78 1,81 .77 | 2.4n
=130,0 2.05 | 1.85 L.78 ) i,78 A4l | Lay | 208
=110,0 .40 | 1,50 L.8E | 3,04 1,34 148 | %00
=100.0 .08 1.87 .71 | 1.08 o3| 1.31 | 2,18
=81, 0 .80 | 1.41 1.5 | 1,40 P I
=80, 0 L.42 | 1.35 1.36 | 1.4\ Lol | L.od| 1.688
=T0.0 o84 | 1,01 .47 | 1.5a 1S ) L3 | o a7
=8, 0 0.0 | 1,88 1.0x | i,78 116 | 1.28 | 2.50
=500 1,08 1.1 1.64 1w (- 1] L.Gd | g, 99
=i, 168 | [,88 .28 | 1,84 41| 1.m2| 275
=M, 0 2,00 | L.80 2.0 Z.ud 1.78 | 2,08 | 2.85
=30, 0 Z.42 2.15 .90 ( 2.08 1.7 1,87 4,01
=1t.n .99 | 2.10 00| 3,10 L7a | 1,78 | 1.08
i, 1,80 | 1,88 L0 1.y 1.80 | > 49 | 2.98
i, & 208 1.7 LBy ) 1,11 .05 | 2,04 | 2.12
=L 2,18 | 2.50 - I T I.08 2,05 I.78
Jo.0 2084 | 2,82 .82 | 1.67 LB | 2,04 | 2,08
40,0 .82 | 2.40 .m0 | {.ey L.od | 2.9% | moas
B, & .82 | a.02 J.00 | @87 ear | o208 | 4.1m
40,0 J.ae | 3.m4 ImE| an e8| 298| 1.u3
0.0 0 20T J.E3 ) 4,83 2,85 | 484 | 1,88
B0, 0 T T J.08 | gz, 1.88 | 2,19 | 1.17
i, 0 382 3,74 .08 | 1,m3 L.om | 1.83 | 1.83
100, o 300 4,10 .32 | 1,57 Leo [ 2,00 | 1.90
1100 J.5T| d.dw A.85 [ 2,49 Ly | d.o0 | 2 48
120, 0 LB | 1.8 ZOBA | zo9n B4 | 2.08 | .80
130, 0 .81 4, k8 1.27 | O.8s L | Lo | 5.4
140,0 3,30 | 1.40 Loas | 1,81 .78 ) 2,07 | =34
150.0 2,47 | 141 LT | p.40 .08 | 2.24 | 2.7%
160,0 2.80 | 1.3m odr | 1,34 1.BS | 2,33 | 3, 0%
170.0 2.8 | 1.7 Lon ) 1,78 L.R2 [ 2,11 | 2.83
180,0 2.01 | 1,3 2,18 1.78 Lam | 1.87 | u.sm
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Table A-21

STANDARD DEVIATIONS ABOUT THE MEDIAN FOR THE VERTI
IN THE CLEARING—-E@ AT 100 MHz

CAL SLEEVE DIPOLE

levation | 10.0 | 18,0 | 20,0 25.0 | 30.0 [35.0 |40.0 45.0 | 50,0

Ar Leiithy
=170.0 LMl o7 zEn| 42,78 L8| 1.87( 1,58 | o.me -
-180,0 .88 | 3.5 »mi13| z.8m 2,88 | .88 388 7.14 -
= Lo, 0 2,91 333 2ee| 0,84 LW 3.8 aov| 977 -
=140, 0 .63 [ 2.54| 2,88 2.11 3,88 2.08| 235 | . e --
=130, 0 07| Ao wmoep| 1o1m L2y | 150 1.74 Lo83 —
=130, 0 X811 3,41 2,08 1,61 238 2w 211 2.3 --
=-110,0 .67 | z.oea] 308 9.0w] w48 a, L,73 | .73 --
= 100,10 428 [ Aet| 33| z.m .83 | 3| 2.8u 3,00 ==
-8 0 2,04 | 88| 3,87 2.4 .80 [ 288 ) 308 383 -
=&l 0 24 2,88 2,89 o.40 L 23| 248 2.80 -
=70, 0 .78 ) 381 298| 2.4 246 284 9.38]| 2.73 -—
=B,0 2| oA zoae| 9 ke 2,80 | 2.8l | 2,71 m.40 -—
=i, 0 2,26 | w.an| 230 281 =aT| 2.84| 32.9R 3,81 aa
e 1] .96 2,42 Y. 46| n .54 4LT1| 43| 249 wooa —
=340, 0 1,35 | .47 | a0 a4 .80 2.29| 214 mooy -
=20,0 4011 3.3 n.av| a.20 A6 | L9l Ler] iam -
=10, .07 | BoEe| 4,33 .24 2.8 | 3.94 b.T4 | 1,44 --
0.0 4| 294 280 z.8m L.0g ) 1.80| 1.38( 1.58 -
LD, & I3 .77 48| 217 bas | Lo 1.17] 1.2 -
HIT 4,74 2.82| 1.5M L7 Lm| 1.3 1.30 1,07 -
0.0 Loem | 28l 2,84 2.8 .38 | 143 1,18 1,07 -
40,0 .80 | wom| 3,18 a1 Lds | 1.7 1,47 140 -
0.0 .08 ( 94| 3,88 3,58 M| w3 4| 2.0 -—
i, doae | oan| A g0 AL Z.40| 1as 2,21 ) 2.88 -
70,0 51 372 aem| 4.m L8| 1u2| 2.08 ¥, -
B, 0 LM 410 s .68 240 [ 20w 2.y 8,0 -
80,0 2AT | ed| 348 4m .48 | 272 237 3w -
100, 0 A AB | 3,47 200 2.98 448 2.m8! .60 uw a3 -
Lig, o Lol 48] n.om| 984 16| 2ad| 2.7 470 -=
10,0 .90 3.14| 2.6v| .48 A4 20| z.89] 3@ -—
130,0 1,09 2.45]| 4.aq LE0| 27| b.a 2,77 | .44 -
L4t i .08 [ 2.33 3 qn 2,32 2.88| .00 2B =09 -—
BTV B o2t 24| zoaa 2,08 | 2.8 | 267 7.0 e
s, 0 70 2,70 A,4w 4000 1,71 169 2.00 U.08 -
1m0 20| 3w 08| 2.am b.29 | 1.3 1.04 0, B0 -—
1R, G .32 3,43 2.08 2,44 l.o2| 0.935| 0,m4 .68 -
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FIGURE A-21 CONTOUR PLOT OF THE MEDIAN RESPONSE OF THE VERTICAL:SLEEVE
DIPOLE IN THE CLEARING—E¢ AT 100 MHz
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Table %—22

STANDARD DEVIATIONS ABOUT THE MEDIAN FOR. THE

!VERTICAL SLEEVE DIPOLE

IN THE FOREST--Ee AT 100 MHz

stion |10,0 [ 15,0 [ 20,0 | 25.0 | 0.0 5.0 [a0.0 [45.0 [B0.0

Asimiith
L=170.0 2.60| 2,81 2e0| 2.89] 3.2 2,45 .92 wae| uis
-180,0 L) sl wex| a0 vew| v 2.3 2.31| 2.3%
=150, 0 030 BeN| 280 383 z.8s| W .24 L] 1.88
=140, 0 .| d.44| 287 2.98| 3.43 1,93 L8p| 1,81 1.81
-100.0 2,83 3.35| 240 zmoan| 1.ma| g 7 Lol 2.18| 3.00
-120.0 .82 ) 280 203 219 1.88 | 1.07 1as| 1.ve| 1.W0
-110,0 .98 ) 83| noa| a0 res| 1ev Iowd | 181 | 2.08
=100, 0 .08 28| 14| 2.00| 5.3 249 2,04 314 314
-80,0 2.00) Lva| 02| 109 u.1e B.00| 1.08| 1.84| 173
=80, 0 .18 | 151 1.88] mo00| 2,20 2,00 2,12 s.06| 1.9
=70, 0 .27 1 2,18 2,50 w9.73 2,73 2.am) 2.13] ‘3,00 240
=it 0 4,17 | 2.83| 2.e0| 20| mae| p.m; 2.00 [ 433 .80
-50,0 .49 1 2,99 avz| ' L] Ll g T4l L.o6 | u.45
=40,0 2.85 | 41| 2.84| =.m T 2.26) 3| 1.8 2.4
=30,0 L.80 | 2.83( 260 wmes| zes| 249 2,18 211 | #m.8s
=20.0 L7 ) 2,57 248 .11 .M | L.82| 2,008 1.8e
=10, 0 4.8 | a.88| naz| o) 2,17 .18 .34 2,82 2.04
0.0 %ok) 283 20| wea| 21| s.04| Aoe]| mope 2,08
10.0 2301 2,00 22| 27| | a9.f2 232 298| 2,00
30,0 | 280 | 273 ooa| a,79] 1,88 )67 Lot 3| 1,80
a0, 0 .08 ) nea| w84 .86 1,84 LB7 | .82 47| g3
40,0 3,04 | 248 2.98] 298] 1,73 Laal Lam| 117 1.39
B, o 2,9 | 2,43 2,35 2.2¢| 1.0 1,79 Loz o8] 1,02
#0,0 2,88 [ .00 2.08| ‘U 46 .03 | 2.00 | 1a#| 1,39 180
0.0 4.60 | 2.88 | 267 z.aw| 2,42 248 Lie| 20| 2,10
B0, 0 2,30 | 2.57| 27| 2,68 z.93 2,00 | 2,47 3.3 2.3
B0 L0 248 | 2oy s0u| 3w | 3,28 L0 2.2 | 2.9
100, 0 Lwd | 280 2,98 207 | 2,08 | uer 1.62 | 1,88 2.10
110, 0 .10 ) »an | 200 w48 218 LB Lee| 17| 1.8
120,06 1,82 ) 2,00 2,38 2.99| 210 2,000 18| 1700 1.a4m
130, 0 L.88 | 2,72 | 2.61| 2.67 4402 | Led | 18| 1yv | 31sy
| 140,0 | L) 2| #a4| 23| 248 .35 | 2,80 | 247 z.3n
1500 Lanll 2.8 | 3.7 231 74 2,02 1207 | 214 2,81
10,0 .81 3,20 | z41)] 242 w57 200 3.18| a. ] 5.m
170, 0 CLER nea| zav| zes| 2.8 242 J.06 | 2,70 364
180, 0 L4 el w73 a.es| 233 1.ea 21 24| 1.05
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Table A-23

STANDARD DEVIATIONS ABOUT THE MEDIAN FOR THE VERTICAL SLEEVE DIPOLE
IN THE FOREST--E° AT 100 MHz

levation [10.0 [15.0 [20.0 [ 25.Cc |30.0 |35.0 |40.0 ]|45.0 [s0.0
Azimuth
-170.0 1.76 | 1.98| 1.98| 1.98] 1.76| 1.22 | 0.44| 0.5 | --
-160.0 2,02| 2.34| 2.49( 2.56| 1.88]| 1.32 ) 1.10| o0.63| --
-150.0 2,06 3.15| 2.45| 2.05| 1.51] 1.06 | 0.81] 0.59] --
-140.0 1.71( 2.56 | 2.38( 2,11 1.50| 1.31 | 1.21] 0.93] --
-130.0 1,19 1.89| 2.03] 2.41| 1.90) 1.47 | 1.48] 1.44] --
-120.0 1,04} 1,70| 1.80| 2,09, 1.64} 1.35 { 1.32| 1.0 --
-110.0 1.63| 1.84| 1.87| 1.56 | 1 43| 1.10| 1.26 | o0.87] --
-100.0 2,00| 2,53 2.37] 1.67| 1.72{ 1.37 | 1.27| 1.07] --
-90.0 2.34| 2.83| 2.53| 2,04 1.97] 1.63]| 1.59| 1.41] -
-80.0 1.51 | 1.91| 2,02| 2.04) 2.08| 1.88 1.69| 1.3¢4] --
-70.0 1.19 | 1.80| 1.79| 1.84| 1.87] 1.72 | 1.54| 1.22 =
-60.0 1,01 1.75| 1.73] 1.62 1.49( 1.11 | 1.25{ 0.60| -~
-50.0 1,11 1.68| 1.67| 1.56| 1.61] 1.25 | 1.05| @951 .-
-40.0 1.20( 1.57| 1.84 1.77| 1.44]| 103 1.08] s,00) --
-30.0 0.99) 1.07) 1.53| 1.66( 1.2i{ 0.77| 1.01; .09 -~
-20.0 1.2 1.18) 1.51) 1.84| 1.34| 1.28 | 1.20) i.04]| --
-10.0 1.97| 2.71| 2.37| 2,07 1.39| 1.26 | 0.76 | 0.92| --
0.0 1.81| 1.93| 1.90| 1.57]| 0.76| o0.65| 0.92| o0.89| --
10.0 1.26 | 1.22{( 1.63| 1.91{ 1.32| o0.94| 1.00] 1.07]| --
20.0 1.15) 1.15{ 1.70| 1.96| 1.63| 1.29 | 1.13| 1.25] -.
30.0 1.32| 1.61] 2,04 2.01| 1.73| 1.68| 1.32| 1.27]| --
40.0 1.39 | 1.76 | 2.11( 1.86| 1.76| 1.82 | 1.58| 1.45] --
50.0 1.07| 0.92| 1.67| 1.78]| 1.80] 1.49| 1.43| 1.45| --
60.0 0.75| 0.49| 1.59] 1.78| 1.90| 1.41{ 1.35| 1.30| --
70.0 0.94| 0.80| 1.81| 1.94] 2.00] 1.72| 1.28] 1.15| --
80.0 1.16 | 1.45| 2,06 2,09 1.87( 1.65! 1.12| 1.04| --
90.0 == | 1.63) 1,93 1.76| 1.48| 1.56 | 0.97] o0.74| --
100.0 = 1.54 ] 1.77] 1.72! 1.45| 1.37] 1.08{ o.85| --
110.0 == | 1.46| 1.68| 1.79| 1.46| 1.12} 1.31| 1.36] --
120.0 == ] 090 1.18] 1.21| 1.21) 1.20} 1.50) 1.60] ~--
130.0 == | 0.79( 0.79| 0.94| 1.29]| 1.25| 1.53| 1.80]| --
140.0 -- | 0.79| o.80| 0.98| 1.43{ 161} 1.38| 1 97| --
150.0 == | 0.71| o0.91| o.80( 1.49] 1.79] 1.45] o0.98] --
160.0 . 1.25 | 1.36| 1.40| 1.72| 1.61| 1.38| 1.17] --
170.0 = 1,36 | 1.49| 1.52| 0.94| 0.53( o0.97| 1.02| --
£0.0 - 1.42( 1.44| 1.32| o0.90] o0.75| o.88| 1.10] --

132







Appendix B

CONTOUR PLOTS OF THE LESTIMATED MEDIAN AMPLITUDES
AND TABLES OF STANDARD DEVIATIONS FOR ANTENNA SET 2
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Appendix B

CONTOUR PLOTS OF THE ESTIMATED MEDIAN AMPLITUDES
AND TABLES OF STANDARD DEVIATIONS FOR ANTENNA SET 2

This appendix contains the contour plots of the estimated median
signal strength (as described in Section VI-B) and tables of the standard
deviation of the signal strength about the median as described in Section
VI-C for Antenna Set 2 (see Figure 8). For each contour plot presented,
a table of standard deviations is presented on the opposite page. The
data are grouped in »rder of increasing frequency, and within the fre-
quency groups the data for horizontal antennas are presented first, and
then the data for the vertical antennas, The title indicates the antenna
type, the antenna location, the measurement polarization (using the same
notation as defined in Section V--i.e., EG is vertical polarization and
Eo is horizontal polarization), and the measurement frequency which is
also the design frequency of the antenna. Where the calculated patterns

are available, they are shown as dashed lines on the contour plots.
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Table B-1

STANDARD DEVIATIONS ABOUT THE MEDIAN FOR THE HORIZONTAL UNBALANCED DIPOLE
IN THE CLEARING--EQ AT 50 MHz

‘\~\\\51313F10n 10.0 [ 15.0 | 20,0 |25,0 | 30.0 |35.0 |40.0 |45.0 [50.0
Azimuth ~ "
-170.0 1.05, n.84| 0,78| 0,62 0,68 0,71 ] 0.73| 0.90 | 0.74
-160,0 0.97 | 0.89| 0.,86) 0,88| 0.80) 0.79]| 0.73]| 0.56 | 0.96
-150.0 1,12 0,99/ 1.00| 0,87| 0.85| 0.75| 0.81| 0.89 | 0.96
-140.0 1.31 ' 1.,43| 1,04 0.73| 0.91| 0.95| 0.91] 0.82] 0.96
-130.0 1.20 | 0,95! 0.86| 0,44 0,91 | 1,23 1.24] 1.30] 1.00
-120,0 1.26 | 1,14 1,10 1,12| 1,41| 1.,24| 1.36| 1.56 | 1.24
-110,0 1.37 | 1,06! 1,90} 2,05( 1.83| 1,96 1.43| 1.41] 1.56
-100.0 2,01 | 1.65; 1.89| 2,69 1.69| 1,10 1,14 0.92 | 1.32
-90,0 2,16 | 2.,15( 2,43| 1.75| 1,79 | 0.80| 1,61} 1.76 | 1.57
-80,0 2.66 | 3,18( 2,71 2,33| 2,40| 2,76 | 2,18 2.10| 1.35
-70.0 2.88 | 3.15| 2,79 2,19| 2,24 1,82 1,91 | 1.73| 1.96
-60.0 2.21| 2,83 2,64| 2,58| 2,58 2.95| 2,02| 1,82 | 2.06
-50.0 1.90| 2,38 2,50 2,15( 2,01 1.37| 1.31| 1.26| 1.31
-40,0 1.99 | 2,57| 2,57 | 2,67 2,04 1.53| 1.29( 1.16 | 0.88
-30.0 2,27 | 2.55, 2,19! 1,78| 1.60| 1.28| 0.87| 0.67| 0.61
-20.0 2.37} 1.76| 1.59| 1.25| 0.88| 0.61] 0.55| 0.40| 0.65
-10.0 2,62 | 2,18| 1,62 | 0.86| 0.83| 0,79 0.70| 0.69| 0.58
0.0 2,24 1,26 1.49| 0.73| 0.70| 0.45| 0.69| 0.66 | 0.67
10.0 2.55| 2.61| 1.68| 0.98| 0.80| 0.84| 0.89| 1.28| 0.97
20,0 2.00| 1.45| 1.72| o0,89| 0.87| 0.76| 0.74] 0.49 | 0.67
30,0 2.61| 2,30| 2,12| 0.70| 0.91] 0.71| 0.73] 0.91| 0.83
40.0 3.51| 3.47| 3,02| 1.92| 1,39] 1,03 0.84| 0.94| 1.04
50.0 2,73 | 4.58) 3.06| 1.58| 1.63| 0.95| 0.95| 0.70 | 0.76
60,0 1.90 | 2.82| 3.06 | 3.34| 2,12 | 2,13| 1.31| 0.74| 1.47
70.0 1.18| 1.50| 2,16 2.,04| 2,10 1.31{ 1.66| 1.92| 2.50
80.0 2.20( 2,54} 2.52) 2.91| 2.30| 2.08| 2.,28]| 3.10| 2.62
90.0 2,24 2.,99| 3.01| 3,18| 2,55| 1.96| 2,28 2.84| 2.68
100.0 2.17 | 3.48| 3,30 3.28| 2,68 2,70| 2,22 1.61! 1.69
110.0 2,53 2,80| 2.45| 1.23| 1.84| 1.23] 1.53| 1.66| 1.52
120.0 3.05) 2,64 2.46| 2.44| 1,59 1.39| 1,11| 1.05| 0.95
130,0 2.80| 1.64| 1.80| 1,00 1,25 0.87| 0,79 | 0.89| 0.70
140,0 2,96 [ 2.75| 2,10| 1,55} 1,19{ 1,50 0.95{ 0.72 | 0.71
150.0 2,36 | 1.00] 1.26| 0.64| 0,89| 0.69! 0.73| 0.57| 0.55
160,0 1.74| o0.89f 1,05| 0.86( 0,70| 0.58| 0,49 | 0.49| o0.47
170,0 1.55| 1.01f 0.86| 0.71| 0.70| 0.65| 0.53| 0.44| o0.44
180.0 1.32| 0.77| 0.79| 0,71| 0.73| 0.63| o0.62] - 0.54
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Table B-2

STANDARD DEVIATIONS ABOUT THE MEDIAN FOR THE HORIZONTAL UNBALANCED DIPOLE
IN THE CLEARING—-Ec AT 50 MHz

Elevation | 5,0 {10.0 15.0 20,0 25,0 30.0 35.0 40,0 45.0
Azimuth
~-170.0 - 3.16 2,95 2,50 1.54 1.93 1,43 1.45 1.423
-160.0 0.0 2,09 1,57 1.47 0.87 1,27 1.25 1,14 0.94
-150.0 - 1.26 0.88 0.96 0.54 0.78 0. 86 0.84 0.88
-140.0 0.0 0.97 0.76 0.67 0.48 0.47 0.52 0.67 0.71
-130,0 - 0.82 0.51 0,59 0.57 0.46 0.61 0.90 0.91
~-120,0 - 0.69 | 0.54 0.50 0.45 0.44 0.54 0.55 0.36
-110.0 - 0.65 0.47 0.38 0.28 0.35 0.30 0.37 0.31
-100.0 -— 0.44 0.27 0,32 0.29 0.41 0.57 0.43 0.33
-90.0 ~-- 0.37 0,36 0.33 0.21 0.41 0.50 0.45 0.35
-80,0 - 0.59 0.49 0.42 0.41 0,40 0,39 0.43 0.45
-70.0 - 0.71 0.55 0.55 0.42 0.44 0.51 0.52 0.54
-60.0 ~-- 0.67 0.57 0.61 0,37 0.57 0.56 0.60 0.55
-50.0 - 1,04 1.01 0.87 1.17 1.04 0.80 0.70 0.60
-40.0 -— 1.03 0.64 0.95 1.05 0.93 0.90 0.81 0.83
-30.0 - 1.56 1.11 1,50 1,02 1,08 1.03 1.38 1.11
=-20.0 0.0 2,55 2,35 2.4 2.35 2,68 1,95 2.33 2.56
~-10,0 -- 2,47 3.89 3.53 4.16 4,28 3.90 3.25 2,79
Y - 2,53 3.28 3.44 3.48 3.32 3.38 3.05 3.19
10,0 - 2.39 2.29 2,59 3.12 2,20 2,40 2.20 1,70
20,0 - 1.70 1.32 1.17 1.62 1.46 1.64 1.03 0,71
30.0 - 1,27 0.86 0,67 0,50 0.76 0.77 0.69 0.79
40.0 - 1,29 0.52 0.56 0,33 0.43 0.64 0.62 0.53
50.0 - 1.29 0.65 0.63 0.60 0.49 0.44 0.58 0.64
60.0 - 1.13 0.63 0.60 0.54 0.59 0.91 0.62 0.41
70.0 -— 1.06 0.71 0.62 0.37 0.44 0,32 0,36 0.48
80.0 0.0 1.01 0.91 0.68 0.49 0,32 0.24 0.32 0.35
90.0 - 1,49 0.63 0.58 0.19 0,32 0.29 0,34 0.41
100.0 - 1,93 0.81 0.73 0.61 0,41 0.32 0.35 0.41
110,0 - 1,60 0.80 0.70 0.44 0.35 0.28 0.35 0.33
120.0 -— 1.10 0.62 0.63 0.41 0.57 0.60 0.43 0.33
130.0 - 1.26 0.91 0.89 1,04 0.70 0.60 0.67 0.62
140,0 0.0 1.15 0.90 0.90 0.50 0.77 0.89 0.95 1.32
150,0 - 1.88 1.89 1,55 1,89 1.40 1.67 1.50 0.66
160.0 - 2,38 2.11 2.06 2.50 2.39 2.46 2,66 4,00
170.0 - 1,98 1,97 2,71 3.66 2,73 2.44 2.63 2,85
180.0 -— 2,60 2,92 3.21 3.77 2,53 1,42 1,77 1.57
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Table B-3

STANDARD DEVIATIONS ABOUT THE MEDIAN FOR THE HORIZONTAL FOLDED DIPOLE
IN THE FOREST—-Ee AT 50 MHz

Elevation | 10.0 115.0 [ 20,0 [25.0 [30.0 ]35.0 [40.0 450 1300
Azi;iaﬁT\“\\\‘ :
-170.0 2.95| 1.70| 1.65| 1.11| 0.97| 0.75| 0.72| 0.64| 0.52
-160.0 3.02) 2,08/ 1.93| 1,34 1.21| 0.79| 0.67 | 0.50 ' o, 43
-150.0 2.95 | 2.34| 1.91| 1.12| 1.10| 0.95| 0.66| 0.61] 0. 92
-140.0 8.22 | 2,47/ 2.15| 1.12| 1.03| 0.94| 0.87 | 0.69] 0. 92
-130.0 3.111 3.38) 2.85| 2,07| 1.70| 1.44| 1.25| 0.78] o. 59
-120.0 8.93 | 3.95| 3.40 | 2.53| 2.08| 1.86| 1.56 | 1.33| 1.31
-110.0 8.57 ] 2.68| 2,74 2,16 2.67| 2.47| 2.13| 2.00| 1.86
-100.0 3.22 1 2,411 3,01 3.73| 2.85| 2.66| 2,90 2.98| 2.14
-90,0 2.78 | 2.36| 2.93 | 3.67( 2,73| 2.22| 2,75 | 2.48] 1.72
-80.0 8.47 | 3.22| 2,43 | 1.84| 2.57| 2.60| 2.24| 1.96]| 1.61
-70.0 3.89 | 3.23| 2.80 | 1.66| 2.02| 1,70| 1.54| 1.07| 1.02
-60.0 4.011 3.36| 3.58 | 3.44| 2.72| 2.16| 1.72| 1.32] 1.47
-50.0 3.47 1 3.54| 2,99 | 2,57 2.41| 2,41 2.12| 1.88] 1.83
-40.0 2.751 2.28) 2,64 2.43| 1.72| 1,44| 2.23| 2.80| 2.20
-30.0 3.27.1 2.72| 2,56 | 1.86| 1.56| 1.56| 1.42| 1.56| 1.53
-20,0 3.27] 3.03| 2.53| 1.47| 1.52| 1.31| 1.60| 1.85| 1.40
-10.0 8.10 | 3.09| 2.83| 1.78| 1.88( 1.33| 1.06| 1.12| 1.02
0.0 8.27 | 2,98/ 3.35| 2.87| 248 1.75| 1.22| 1.08] o. 88
10.0 3.88 1 3.48| 2,28 | 2.85| 2.21| 1.89| 1.13| o.88| o .77
20.0 4.19] 3.40) 2.88 | 1.83| 1.54| :.58| 0.87| 0.90| o 48
30.0 4.16 | 3.66) 3.18 | 2.08| 2,17 1.91| 1.25] 1.10| o. 49
40.0 3.68 | 2.77| 3.33| 3.53| 3.21| 3.69| 2.10| 1.56| o0 87
50.0 8.211 3.42| 3.47| 3.05| 3.06| 2.76| 1.73| 1.40| 1.15
60,0 8.77 | 4.10/ 3.49 | 3.48| 3.39( 3.34| 2,20 1.56] 1.77
70.0 2.73 | 3.271 3.15| 3.70| 3.19| 3.34| 2,17 1.43| 1.79
80.0 3.64 1 2,320 2.33| 1.60| 1.95| 1.99| 1.62| 1.58| 1.86
90.0 4.04 1 2,02 1.96 | 1.87| 1.81| 1.74] 1.e8] 1.60| 1.80
100.0 .24 1 1.93\ 2,27 | 2.38| 2.24| 2.22| 1.70| 1.55] 1.4
110.0 2.75 | 411/ 3.36| 3.46| 3.00| 2,73| 2.08| 1.67| 1.33
120,0 3.67 | 4.11{ 3.64 | 3.13| 3,02| 3.25| 2.49| 2.40| 1.79
130.0 4.15 1 4.94\ 4,47 [ 4.43| 3.32| 3.06] 2.03| 1.68] o0 93
140.0 3.511 3.76] 3.89 | 3.66| 2.60| 2.25| 1.21( 1.15| o066
150.0 3.86 | 3.47) 3.41( 3.25| 2,09| 1.59| 0.84| 0.82] o 65
160.0 3.24 1 2,44} 2,32 2.14| 163 1.;5| 1.06] 0.85] 0. 69
170.0 2.75 1 1.88| 2.01| 1.78| 1.46| 1.30] 1.01| 0.95| o 71
180.0 2.45 | 177 1.59| 1.12] 1.11] o0.96 0.88 0.77| 0.60
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Table B-4

STANDARD DEVIATIONS ABOUT THE MEDIAN FOR THE HORIZONTAL FOLDED DIPOLE
IN THE FOREST--E¢ AT 50 MHz

Elevation| 5,0 | 10.0 15.0 | 20,0 25,0 { 30.0 35,0 40.0 45.0 !
Azz;zzi\\‘\\\‘
-170.0 == 3.48 2,76 2,30 1.91 3.18 3.14 2,97 2.79 |
-160.0 0.0 2,91 1.96 1.93 1.55 1,89 1.9¢ 1.95 1.64° |
-150.9 -- 2,18 1,65 1.67 1,08 1.00 0,93 1.10 | 0.93
-140.0 - 1.66 1.00 1.04 0,57 0.67 0.53 0,92 1.37
-130.0 == 1.18 1.06 1.03 0,79 0.69 0.75 0.70 ] 0.71
-120.0 0.0 1,26 1.26 | 0.97 0.57| 0.52 0.62 0.89 0.83
-110.0 -- 1.09 0.82| 0,75 0.51| 0.53 0.72 0.83 0.79
-100.0 - 0.90 0.52} 0.55 0.41 0.55 0.78 0.93} 0.57
-90.0 == 0,84 0.66 0.65 0,54 0.58 0.57 0.56 0.34
-80.0 -- 1.26 1.19 0,99 0.65 0.83 0.76 0.62 0.89
=-70.0 -- 1,37 1.22 1.20 0.73 0.90 1.22 0.63 0.36
-60.0 - 1,53 1,67 1.25 0.69 0.77] 0.68 0.72 | 0.52
-50.0 - 1.47 1,72 1.53 1.07 1,39 1.26 0.87 | 0.75
-40,0 - 2,02 1,61 1.63 1.62 1.09 0.75 0.82] 0,91
-30.0 — 2.99 2,56 2.05 1.68 1,61 1.35 1,55 1.48
-20.0 -- 2.14 2.17) 2,35 2,45 2,70 2.61 2,42 2,50
-10,0 -- 3.35 2.83 2,95 2.99 3.01 2,94 3.30 | 3.64
0.0 0.0] 3.39 3.10| 3.11 3.04 3,14 2,98 3.21 3.25
10.0 -- 3.57 3.16 2.88 1.88 2.64 3.33 2,68 1.86
20.0 -- 3.23 3.45 ] 2.56 1.26 1,56 2,38 2.21 2,11
30.0 - 2,59 3.04 ) 2,27 1.47 1,53 1,69 1.55 1.35
40.0 0.0} 3.12 3.52 | 2.28 1.57 1.19 1.15 0.98 | 0.84 i
50.0 - 2.08 2,43 1.95 1,44 1.15 1.40 0.92 | 0.70 |
60,0 - 1,31 1,09 1.15 1.09 0.96 0.76 0.62 | 0.79
70,0 -- 1,78 1.91 1,21 0,99 0.83 0.76 0.69 | 0.56
80,0 -- 0.88 0.71] 0.99 0.62 0,80 1.01 0.82| 0,67 E
90,0 == 1.34 1.38 1,09 1.05| 0.96 1,07 0.91 | 0,71
100.0 -- 1,33 1,54 l.41 | 0.99 1.08 1.25 0.92 6,70 !
110.0 -- 1,31 1,55 1.60 1,92 1.36 0.77 0.74| 0.71
120.0 0.0 1.51 1.60 1,45 1,33 1.06 0.62 0.64| 0,62
130.0 - 1.31 1.19 1.21 1.06 1.24 .50 0.99| 0.78
140.0 -- 1.13 1.07 1.39 1.40 1.29 1.28 1.24 | 0.86
150.0 == 2,30 2,05 1,65 1,35 1.26 1.59 1.81 2,11
160.0 0.0 2,69 2.74 1,93 1,61 1,34 1,94 2,22 2,34
170,0 - 3.01 3.55| 4.05 4,92 3.67| 3.28 3.04 3.15 i
180.0 - 3.03 3.47 3.56 3.56 3.93 4,08 3.64 ] 3,43
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STANDARD DEVIATION ABOUT THE MEDIAN FOR THE VERTICALISLEEVE DIPOLE

!

Table B-5 !

IN THE CI..EARING--Ee AT 50 MHz

.

/10,0

Elevation 15.0 1'20.0 |25.0 |30.0 |35.0 [40.0 [45.0 ]50.0
Azimuth | ]
-170.0 1.56 | 1.06| 1.02| 1.03| 1.06 1.06| 1.06]| o0.97 0.82
-160.0 1.201 o0.81] 0.82| 0.83( 0.90  0.93| 0.94| 0.66| 0.64
-150.0 1.63] 0.99( 1.10] 1.25 | 1,01 0.95| 0.88| 0.54] 0.56
-140.0 2.07| 1.23| 1.27[ 1,18 1,08 | 0.99| 0.86 | 0.40]| 0.50
-130.0 1.96 ) 0.95'0.93| 0.90! 1.13 | 1.36| 1.16 | 0.66| 0.62
£120.0 1.87 | 0.71] 0.75| 1.11 | 1.48 | 1.32| 1.42 | 1.00| 1.09
-110,0 1.23| 0.72| 0.78 2,43 | 1,03 | 1.23| 1.11| 0.94/ 1.28
-100.0 1.21] 0.73) 0.82| 1.91| 1.82| 1.34| 1.32| 1.64| 1.49
=90.0 1.51f 1.01} 0.94| 0,78 | 1.13 | 1,01 1.2b| 1.70| 1.73
-80.0 1.541 1.34) 1.05| 0.81| 0,79 0.75| 0.73! 0 97| 1.36
-70.0 1.311 1,201 1.35| 1,28 | 1.31| 0.94| p.76 | 0.78| 0.73
-60.0 1,01} 1.37) 1.56 | 1.53 | 1.42'| -0.91| 0.85 | 0.84| 0.74
-50,0 1.08 1 1.89| 1.65|'1,54 | 1.53 | 0.68| 0.85| 0.78 | 0.87
-40.0 1.35 |' 1,98 2.2} | 2,33 ] 2,27 1.28 1.17 | 1.01| o.81
-30,0 1.64) 2,341 2,71 2,79 | 2.38  1.34| 1.32| 1.23| ‘0,94
~20,0 2,94 .2.62| 2,42 1.89 | 1.67 | 1.18| 1.11.] 1.10] 0.96
-10.0 2.36 ) 2.19 1,94 1.55| 1.46 | 1.28 | 0.93 | 1.03| o0.59
0.0 2.30 4, 1.63| 1.81( 1,72 [:1.93| 2,12 1.41, 1.02] 0.45
10.0 2.45| 2.26| 2.40'2,03 | 1.93| 1.96| 1.30 | 1.19| o0.86
20,0 3.92( 2,75 2,64 1.94 | 1.80 1.41| 0.88 | 0.95| 0.99
30.0 2.84)'2,71] 2.30| 1.60 | 1.55 | 1.52 0.98 | 0.91 0.75
40.0 1.94 11,96 | 2.11| 1.49 | 1.55 [ 1.66 | 1.16 | 1.11]| 0,90
50.0 2.97 1, 2.331 2.52| 1i55(,1.58 | 1,60 1.28 | 1.27 | 1.24
60.0 .3.88) 3.28| 2.86| 1.61| 1.53 | 1.46 | 1.16 1.15 | 1,21
70.0 8.091 275} 2.76 | 1.51 | 1.46 | 1.31| 1,09 [ 1.14 | 1.09
80,0 2.45| 2.12 2.29 | 1.37{ 1.35 [ '1.35 | 1.15 | 1.21] o0.90
90.0 2.68 )| 1.87| 1.85| 1,09  1.19 | 1.33| 1.11| 1.05| o0.69
1100,0 /2.55 | 1.62( 1.49| 0.70 | 0.82 | 0.85 ! 0.82 | 0.80| o0.72
110.0 2.25| 1.50 ] 1.24 0.57 | 0.56 | 0.57 | 0.70 | 0.79 | 0.87
120.0 1.90 | 0.85| 1.00 | 0.63 | 6.69'| 0.75 | 0.89 | 0.92 | 0.99
130.0: '2.22 1 1,10 0.93| 0.70 [ 0.75 | 0.78 | 0.79 0.76 | 0.85
140.0 215 L71f 1.50| 1.26 | 1.18 | 0.95| 1.10 | 1.11| 1.03
150.0 +321' 1,91 1.96| 2,08 | 1.67 | 1/17| 1.25 | 1.67| 1.15
160,0 ‘114 1.63| 178 1,01 1,91 1.45]| 1.27| - 0.96
170.0 1.80 | 1.36| 1.42 | 1.67 | 1,75 | 1.25 | 1,16 | -- | 0.94
180.0 1.95| 1.38| 1.34| 1.57 | 1.58 | 1.45| 1:25 | -- | 0.04
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FIGURE B-5 CONTOUR PLOT OF THE MEDIAN RESPONSE OF THE VERTICAL SLEEVE
DIPOLE IN THE CLEARING—E, AT 50 MHz
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Table B-6

STANDARD DEVIATIONS ABOUT THE MEDIAN FOR THE VERTICAL SLEEVE DIPOLE
IN THE ClEARINGﬂ-E. AT 50 MH=z

Elevation| 5.0 | 10.0 15.0 | 20,0 25,0 |3o0.0 | 35.0 | 40.0 15.0
Azimuth
-170.0 - 2,71 3.27 3.26 2199 2,65 1.90| 2.10 2.60
-160.0 0.0 | 2,41 2,55 2,47 2.09| 2,18 1.44 1.24 1.44
-150.0 -- 2,37 2.26 2,29 2,02 1.98 1.7% 1,83 1,73
-140.0 0.0 2,39 2,68 2,76 2.77| 2.40| 2.40| 2.65 2,9
-130.C - 2,28 2.,90| 2.76 2.75| 2.86 2,83 2.81 2.23
-120.0 -- 1.94 2,42 2.41 2.30] 2.53} 2.55 2.42 1.95
-110.0 -- 1,39 1.66 1,87 1.97 1.69 1.49 1.68 1.41
-100.0 - 1,65 2,08 1.78 1.63 1.13 1.24 1,20 1.00
-90.0 -- 2,29 2,18 2.47 2,73 2.52 1.87 1.53 1.32
-80.0 -- 3.12 2 18| 3.15 3,34 3.17{ 2,00 1.60 1.49
-70.0 -- 3.20 { 3.26 3.23 2,94 2,03 1.3% 1.69 1.78
-60.0 - 2,94 2.94 2.82 2,72 2.15 1,70 1.70 1.90
-50.0 - 2,79 2,75 2,62 2,73 | 2.47 2,01 1.82 1.62
-40.0 - 2,77 2,39 2,41 2.23| 1.75 1.69 1.88 1,92
-30.0 -- 2.44 2,28 2,19 1.99 1.74 1,99 1,98 2,18
=20.0 -- 2,21 2,32 2.39 2,090 2,26 2.29 2,22 1.99
-10.0 - 2.94 3.01 2.74 1.90 1.93 1.78 1.89 1.68
0.0 -- 3.44 3.57 3.33 3.17 2,21 1.87 1.94 2,31
10.0 - 2,40 | 2.33}| 2,57 2,82 1.46 1,52 1,36 1,58
20.0 0.0 1.72 1.85% 1.51 1.19 1,04 0,95 1.02 1.01
30.0 - 2.07 1.47 1,55 1.29 1.30} 0.,95| 0,93 1,01
40,0 - 2,20 1.70 1.95 1.68 1.47 1.22| 0,81 0.70
50,0 -- 2,24 2.24 2,11 1,94 1.48 1.29 | 0,82 | 0,71
60.0 -- 1.94 2 12 2,27 1.59 1.43 1.,30{ 0.98 1.00
70.0 -- 1,92 2,34 2,21 1,59 1,44 1.26 1,27 1.47
80.0 -- 2,10 2,52 2,32 1.88 i.90 i.98 1.99 1.82
90.0 -- 1.97 2,26 2,38 2,27 2,39 | 2.54 2.45 2.29
100,0 -- 2,07 2.44 2,37 2,29 | 2,35 2,44 2.43 2,66
110.0 - 2,04 2,50 2,45 2,29 2,23 2,08 2,05 1.93
120.0 - 1.90 | 2.46 2,46 2,40 | 2,47 2,28 2.10 1.88
130.0 -- 2,13 | 2.47 2,60 2.64 | 2,61 2.42 1 2,51 2,50
140.0 -- 2.16 2.20] 2.34 2,33 | 2.19 1,98 2,05 2,32
150.0 -- 1.90 1.69 1.79 1,64 1.67 1.46 1,54 1,66
160,0 0.0 1.95 1.84 1.62 %.45 1.68 1.64 1.43 1.10
170.0 -- 2,35 2,81 2,54 2,58 | 2,43| 2,29 2.09 1.96
180.0 0,0 | 2.65 3.30 3.62 3.76 3.231 2.6% 2.8¢ 2.80
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Table B-7

STANDARD DEVIATIONS ABOUT THE MEDIAN FOR THE VERTICAL FOLDED DIPOLE
IN THE FOREST--Ee AT 50 MHz

levation ?10.0 15.0 | 20.0 25.0 30.0 35.0 | 40,0 45,0 50.0
Azimuth
-170.0 3.50 2.35 1.99 1,22 1,07 0,96 | 0,92 0.95 1.23
-160.0 4.01 2.68 2,23 1,31 1,44 1,34 1.13 0.96 0.92
-150,0 2,47 2,27 2,53 2,36 1,73 1.52 1.36 1.11 0.95
-140.0 2,67 2,32 1.88 1.33 1.63 1.38 1.44 1.03 0.86
-130.0 1.88 1.48 1.81 1.18 1.25 1.00 | 0.93 0.72 0.85
-120,0 2.34| 2.11 2.26 1.64 1.23 0,83 0.96 ¢.79 0.75
-110.0 2.86 2,67 2,13 1.25 1.41 1,20 1.35 0,83 0.72
-100.0 2.42 2,01 1.99 1.46 1.76 1.96 1.43 0.71 0.60
-90.0 2.53 1.90 1.81 1.26 1,49 1,39 1.29 0.74 0.88
-80.0 3.19 2.10 2.05 1.52 1,34 1.03 | 0.91 0.76 0.79
-70.0 3.87 2.39 2.68 1,56 1.61 0.93 0.81 0.57 0.54
-60.0 3.91 1,14 3.33 2,05 1.81 0.87 0.75 0.63 0.86
-50.0 3.80; 3.38 3.49 2.40 1.94 0.99 | 0.80 0.62 0.68
-40,0 4,06 2,83 2,73 1,47 1.30 0.73 | 0.68 0.67 0.59
~-30.0 4,89 3.62 2.44 0.77 0.88 0.54 0.73 1.00 0.75
-20.0 4,08 2.37 2,25 1.47 1.10 0.86 | 0.75 0.86 0.88
~-10,0 4,03 1.33 1.46 1.28 1.18 0.98 © 0.98 01 0.87
0.0 4,55 2,52 1.93 1,14 1.14 1.16 | 9,99 0.82 0.68
10,0 4,67 3.19 2.34 1.52 1,08 0.90 } 0,77 0.74 0.51
20.0 3.97 1.90 1,79 0.96 1,03 1,22 | 0.93 0.76 0.59
30.0 2,09 1,27 1,23 1.22 1.06 1,01 0.86 0.80]| 0.64
40,0 2,06 1,37 1,31 1.17 1.00 1.14 0.83 0.78 0.99
50.( 2,56 1.47 1,60 1.76 1,32 1,24 0.87 0.78 1,31
60.0 3.60 1.96 1.90 2.12 1.41 1,19 0.73 0.86 1.10
70.0 3,05 2,37 2.47 2,23 1.44 1.62 ) 0,91 0.85 0,77
80.0 3.64 3.24 3.08 2,90 1.86 1,82 1.09 0.86 0,50
90.0 3.82 3.38 3.26 3.25 2,20 1.82 | 0.91 0.99 0.64
100.0 3.99 2.62 3.17 3.28 2.27 1,98 1.19 1.18 0.83
110.0 4,03 2,78 2.41 2.43 1.75 2.00 1,09 0.94 0.64
120,0 3.85 2.75 2,92 2.46 1.52 1.29 0.78 0.80{ 0.52
130.0 5.27 ) 4.79 3.86 3.52 2.28 1,75 | 0.86 0.69 0.69
140.0 4,51 4,05 3.88 3.18 1.88 1.39 1.00 1,06 1,00
150.0 3.70 2.46 2,60 1.58 1.35 1.18 1.14 1,36 1.19
150.0 3.90 2,77 2.46 1.41 1.22 0,94 1.15 - 0.90
170.0 3.04 2.04 2.12 1.82 1.50 J.98 1.05 - 0.93
180.0 2,65 1.40 1.43 0.99 1,27 1.38 1.37 - 1,27
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TA-8663-226

FIGURE B-7 CONTOUR PLOT OF THE MEDIAN RESPONSE OF THE VERTICAL FOLDED
DIPGLE IN THE FOREST-———EG AT 50 MHz
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Table B-8

STANDARD DEVIATIONS ABOUT THE MEDIAN FOR THE VERTICAL FOLDED DIPOLE
IN THE FOREST--E@ AT 50 MHz

5.0 10,0 [15.0 | 20,0 [25.0 0.0 |35.0 [40.0 [48.0

Arimuth
=178.0 - 04 vam| 218 1.7 .83 | 2,93 | 2,38 | 2.8
= L&0, f1 0.0 | ro2) 2,77 | m.an .08 247 2.3 | Lus 1.02
=150,0 - 103 207 3,11 2.8 .48 | 21| w02 | 1. ap
=147, 0 0.0 2,43 2.0 | 2.m1 &En| pzr| L .00 | L,
=130, 0 -— M) 298| 2,31 1.8 1m0 1.88 | L .98 | 1. 44
=13, 0 - o8| 2.50) 2,47 oo1a .09 2,24 | 2od | 1.8t
=110, 0 - 200 | d4m | sz | z.om0| wogi .44 | 2.00 | 1.8m
=140, 0 — 2.7 2,85 2.3 | 249 4.3 D88 | 287 | 1.65
=84, 0 s .61 244 | zi6s | a.ov 280 [ 202 | w98 | 1.80
=B, 0 - 248 wE| %40 | 300 2060 2,12 | 2.8m | 23w
=70, 1 - .08 238 z.um| 2.9 .04 2.79 | 2 30| D
~H0,0 . d48 | mir! 183 | 1ma 1.7 142 | 1.8 177
=50, 0 i e 204 1,84 1.80 137 [ L7 | 1,08 | 299
=40, 0 - .85 zood | 1.0 | 200 8B | w20 | nos| 1o
=30 ,0 — 308 [ 43| 2.9 | z.18 | muw 227 | 2,08 | 1,91
=30.0 - 2o a2 zam | 1.5 .88 | 008 | poav | 2.08
=10.0 - L 182 00| 1.8 Las| 2,08 | 1,85 | 167
0,0 — .08 32w 08| 1.70( 1.i8 Ly | 1.7 1.8
Lo, n - LA 0.9 288 | 2.20| 1.68 Logd [ 3,42 | 1.44
€0,0 am 03 28| g.oas | 330 .08 [ 1.04 | L.&3 1.70
LT s 4.0 | k24| 287 | nDew 2,62 | nas | 2,08 | 3.4
48,0 . 4,67 | 203 | z.va| 2.81 230 [ 2,08 | 32,08 | 2,24
50,0 - L7 280 | 2044 L8| R d.de | ¥ 74 .70
60,0 - M8l im0 | 204 | 239 340 J.48 | 207 | Fom
T, o — 29| 33| 243 230 2,38 [ 2,88 | S04 | 5.16
Hi, 0 - B.e | aze| zoes | war 497 2.22 | 2w | u oan
LT I - .30 35| zer| dun A1 | 248 | 3.48 .01
14, 0 - .08 [ .03 2,28 | 1.98 | a.ee | vt | 2aw
L0, i _— 0 21| 2.58 | 2ps 4,22 [ 2.81 | 2,82 | 220
L350, 0 - .40 LT z.w | o.9n Bed| 2il | 241 |
L9860 na T.M | 278 2,85 ] 2.8 .85 | 1,58 | L84 | 1. un
L, O O | 348 moaw| 3 48 205 | a4 | u.ew | o.ng fi, 3
a .o - Bz | bew| 7.w1 1.6} L9 [ Lo8 | |40 I.07
I8ix, © - .60 4.30| 2.38 | 92.3u Sd | Da4L | 1,88 | 1.en
1700 .- do | R.05( 2.100 1,07 447 [ 2| 200 | 1,00
ki, & (R Z. 18 | 1,83 C%. LN - ™

11
.'.'EIPJ
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FIGURE B-8 CONTOUR PLOT OF THE MEDIAN RESPONSE OF THE VERTICAL FOLDED
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DIPOLE IN THE FOREST—-E¢ AT 50 MH:z
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Table B-9

STANDARD DEVIATIONS ABOUT THE MEDIAN FOR THE HORIZONTAL UNBALANCED DIPOLE
IN THE FOREST--Ee AT 75 MHz

Elevation | 10,0 15.0 20.0 25.0 |{.30.0 35.0 40.0 45,0 50,0
-170.0 3,02 4,10 4,16 4,20 4,15 3.90 3.21 2,42 1.68
-160.0 3.31 4,24 4,66 4,79 4,59 4,46 4,29 3.31 2,35
-150.0 3.62 4,11 4,45 4,99 4,59 4,30 4,29 3.21 2.50
-140.0 3.32 3.57 3.46 3.30 3,85 3,82 3.53 2,76 2,50
-130.0 3.39 3.96 3.96 3.71 3.75 3.72 3.61 3.48 3.48
-120.0 4,37 4,12 4,39 4, 4¢ 4,12 4,08 4,28 4,11 3.86
-110.0 4,19 3,71 3.99 3.62 3.79 3.83 3.73 3.79 3.79
-100,0 4,41 4,11 3.61 3.27 3.34 3.63 3.73 3.94 3.89

-90.0 3.63 3.85 3.69 3.45 3.53 3.56 3.72 4,38 4,40
-80,0 3.16 3.39 3.89 3.95 3.63 4,15 4,32 5,30 5.24
-70,0 3.81 3.56 3.56 3.59 3.68 4,17 4,77 6,09 5.87
-60.0 4,01 3.74 3.67 3.74 3.72 3.76 3.92 4,80 5,14
-50,0 3.75 3.71 3.80 3.88 3.85 3,96 3.88 4,16 3,97
-40,0 3.50 3.62 3.65 3.68 3.78 3.93 4,30 3.94 3.03
-30.0 3.56 3.90 3.77 4,15 4.19 1.29 3.88 2,63 2,09
-20.0 3.47 3,33 3.61 4,07 4,21 3.87 3.47 2.41 1.62
-10.0 . 3,44 3.57 3.40 3,93 3,86 3.67 3.52 3.41 2.13
0.0 3.30 3.18 3.43 3.71 3.62 3.28 3.36 3.63 2.93
10,0 2,22 2,98 3.34 4,19 3.85 4,11 3.52 2,91 2,46
20,0 2,33 2.98 2,85 3.07 3.35 3.60 3.51 3.69 2.57
30.0 2,43 3.32 3.24 3.52 3.32 3.09 3.12 3.07 2,32
40,0 2,94 3,37 3.46 3.59 2.95 2,46 2,94 3.27 2.61
50,0 2,79 2.94 3.1¢ 3.16 2,46 2,34 2.83 3.26 3.08
60.0 3,18 3.45 3.42 1,48 3.37 3.69 3.75 3.71 3.28
70,0 3,37 3,72 3,66 3.80 4.09 4,25 4,43 4,80 4,96
80,0 2,76 3. 46 3.81 3.98 4,34 4,20 4,05 4,35 5.17
90,0 3.03 3.50 3,78 4,06 4,15 4,19 3.96 3.31 4,33
100;0 3.31 3.93 3,76 3.61 3.43 3.51 3.60 3.56 4,61
110.0 3.07 4,08 3.75 3.41 2,74 2,96 3.43 4,24 4,85
120.0 2.65 3.90 3.97 3,89 2,88 2,80 2,58 3.04 3.41
130.0 3.13 4,38 4,11 4,24 2,79 2,34 1.58 1.56 1,65
140,0 3.13 4,25 3.91 3.94 2,83 2,72 1.98 1,78 1.73
150,0 2,47 3.46 3.87 3.74 3.47 2.50 2,10 1.98 1.63
160,0 3.14 4,49 4,40 4,50 4,16 2,69 2,14 1.59 1.26
170.0 3,15 4,20 4,31 3.99 3.85 2,68 l 2,38 - 1.78
180,0 3. 36 4,34 4,42 4,74 4,15 2,68 2,27 -- 2,12
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Table B-10

STANDARD DEVIATIONS ABOUT THE MEDIAN FOR THE HORIZONTAL UNBALANCED DIPOLE
IN THE FOREST-—E0 AT 75 MHz

Elevation | 5.0 {10.0 15,0 20.0 25.0 30.0 35.0 40,0 45,0
Azimuth
-170.0 - 2,04 2,89 3.42 4,06 3.86 3.56 3.79 3.55
—160.0- 0.0 2,42 2,87 3.32 4,07 3.30 2,66 3.55 4,43
~=150.0 - 3.58 2.86 2,75 1.90 2.73 2.84 2,56 3.02
=140.0 - 4,64 3.20 3.28 2,17 2,15 2.20 2.33 2,48
-130.0 - 4,18 3.04 3.14 2.04 2,20 3.01 3.43 3.73
-120.0 0.0 3.98 2,95 2,93 2.29 2.11 2,52 2.94 3.55
-110,0 - 3.36 2.87 2,52 1.34 1.43 1.51 2,03 2,78
-100.0 - 2,12 1,71 2,00 1,31 1.29 1.81 2.15 2,76
-90.0 -~ 1.84 1.37 1.42 1.08 1.32 1.81 1.91 2.35
-80.0 - 1.36 1.27 1.27 0.99 0.81 1.25 1.81 2,32
-70,0 -~ 1.66 1.44 1.46 1.43 0.81 1.18% 1,50 1,72
-60.0 -- 2,04 1.53 1,53 1.48 1.09 1.44 1,57 1.57
-50,0 - 2,78 1.65 1,73 1.83 1.97 1.80 1,86 2.14
-40.0 -~ 3.05 1.67 1.78 2.02 2.23 1.79 1.79 1.41
-30.0 -- 3.06 2.28 2,29 2,10 1,98 2,12 2.11 1.78
-20.0 - 3.71 3.47 3.13 3.37 3.2¢ 3.44 3.03 3.21
-10.0 - 3.76 3.61 3.52 3.43 3.76 , 3.61 3.50 3.46
0.0 -~ 3.22 3.53 3.95 3.26 3.23 3.88 4,14 4.30
10.0 -~ 3.96 4,49 3.95 2,38 3.05 4,03 4,62 41.94
20.0 -- 3.41 3.17 2.60 1.90 3.20 3.63 3.98 3.31
30.0 -- 2.32 1.55 1.48 1.12 2,96 3.94 3.10 2,03
40,0 -- 2,02 1.57 1.48 1.60 2,36 2,82 1.90 1.69
50,0 - 2.46 1.86 1.69 1.80 1.98 1.68 1.38 1,51
60,0 - 1.55 1.73 1.68 1,58 1.70 1.60 1.62 1.83
70.0 -- -- 1,48 1.52 1.40 1,52 1.64 2,09 2,15
80.0 - - 1.86 1.93 1.94 2.25 2.81 2.48 2.37
90.0 - -- 2,27 2.00 1.73 2,73 3.35 3.24 2.88
100.0 -~ -- 2,66 1.94 1.38 2,55 3,27 3.18 3.02
110.0 - - 2,21 1.63 1.35 2,08 2,80 2.79 2,72
120.0 -- -- 1.89 1.90 2.35 2,54 2,71 2,70 2,47
130,0 - 2,09 1.03 1,54 2.74 3.36 3,42 3.02 2.83
140.0 0.0 3.54 2,72 2.61 3.17 3.31 3.61 3.53 3.27
150.0 . 5.35 5.14 3.92 3.17 3.56 4,15 3.80 3.41
160.0 - 4.63 4,21 1.19 3.25 3.25 3.84 3.96 1,02
170.0 - 3.31 3.48 3.43 3.25 3.16 3.47 3.87 4,21
180.0 0.0 2,49 2,85 3.03 3.45 3.67 4,15 3.94 4,06
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FIGURE B-10 CONTOUR FLOT OF THE MEDIAN RESPONSE OF THE HORIZONTAL
UNBALANCED DIPOLE IN THE FOREST—-—E¢ AT 75 MH:z
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Table B-11

STANDARD DEVIATIONS ABOUT THE MEDIAN FOR THE HORIZONTAL DIPOLE WITH BALUN
IN THE FOREST--E9 AT 75 MHz

Elevation | 10.0 [15.0 | 20.0 |25.0 ' 30.0 | 35.0 [40.0 |45.0 | 50.0
m\
-170.0 2,22 | 2,65| 2,74 | 2.41' 2.35| 2.,08| 1.91| 1.41| 0,84
-160.0 2,95 | 3.25| 3,01 2,81 2.76| 2.,12| 1,94 | 1.70| 1.14
-150.0 3.21| 3.38| 3.52| 3.54 3.19| 2.95| 2.23| 1.83]| 1.61
-140.0 2,05 | 2.53( 3.38| 3.59| 3.,13| 2.69| 2.51 | 1.52]| 1.53
-130.0 2,95 | 3.17( 3.08| 2.59| 2.53| 2.38| 2.06| 1.21| 1.33
-120.0 3,41 | 3.34| 2.92| 1.59| 2.17| 2.39 2.48 | 1.78| 1.48
-110.0 3,19 | 2.80| 2,72 1.89| 2.11| 2.38| 2.85 | 2.37| 1.84
-100.0 2,80 | 2.68| 2.75| 2.83( 2.71| 2.58| 2.54 | 1.97| 2.00
-90.0 2.88 | 3.,05| 3.23| 2.78| 2.89| 2.86| 2.46 ] 1.91| 1.88
-80.0 2,82 | 3.08| 3.12| 2.44| 2.30| 1.94| 2,07 | 1.71| 1.87
-70.0 3,53 | 3,17 | 3.15| 2.60| 2.06| 1.94| 2.20| 2.29| 1.52
-60.0 3,16 | 2,95| 2,50] 1,37| 1.86| 1.37| 1.46 | 1.04] 1.25
-50.0 3,30 | 3,03 3.02| 2.56| 2.13| 1.47] 0.89 | 0.49| 0.72
-40.0 3.86 | 2,84 2.86| 2.00| 2.05| 1.03| 1,01 1.03| --
-30.0 3,46 | 3.05| 3.03| 3.04| 2.00| 0.70! 1.02| 1.05 -
-20.0 2,86 | 2,13 2.38| 2.32| 2.41{ 1.96] 1.31| 1.12 -
-10.0 1.85 | 1,46 | 2,04 2.36| 1.88| 1.06| 1.30| 0.99] 0.74
0.0 2,37 | 2.08| 1.85| 1.57| 1.71| 1.55| 1.19 | 0.90| 0.58
10.0 2,71 | 2.20| 2.13| 1,81 1.72{ 1.33| 1.14 | 1.01| o0.85
20,0 2,83 | 3,01 2.56| 2.05| 1.92] 1.99| 1.43| 1.25| o0.87
30.0 3,28 | 3.96| 3.15| 2,03| 2.10| 2.39| 1,74 | 1.26| 0.80
40,0 3,24 | 3,49 3,13} 1,69| 1.70| 1.28| 1.41| 1.54| 0.99
50.0 3,43 | 3,29 | 3.28| 1.67| 1.44| 1.23{ 1.13| 1.20| 1.05
60.0 4,10 | 4.35| 3.72| 2.22| 1.68]| 1.52| 1,14 | 0.91| 0.90
70.0 4,51 | 3.87| 3.50| 2.60| 2.05| 1.63| 1.23| 1.48| 1.75
80.0 3,44 | 3,14 | 3.03| 2,49 2.38| 2.85| 1.99| 1.71| 1.61
90.0 3,44 | 3,18 | 2,91 | 2.88| 2.74| 2.96| 2.28 | 1.68| 1.34
100.0 2,82 | 2,39 | 2,53| 2.45| 2,79 2.47| 2.01| 2.35( 1.57
110.0 2,81 | 2,52 2,51 | 2.35| 2.94| 3.53| 2.60| 2.37! 1.30
120.0 3.26 | 2.93| 2.64| 2.44| 2.89| 2.95| 2.22| 1.99! 0.90
130.0 2,81 | 3,18 3.14| 2.79| 2.78] 2.86| 1.96 | 1.90| 0.87
140.0 2,49 | 3.06 | 3,04| 2.76( 2.50{ =2.51| 1.74 | 1.58| 1.04
150.0 3,15 | 4.15 | 3.40| 2.86| 2.47| 2.21] 1.47| 1.56| 1.23
160.,0 2,84 | 3.68 | 3.52| 3.35{ 3.02| 2.93] 2.02! 1.52| 1.02
170.0 2,45 | 3,20 3.39| 2.74] 2.82] 2.57( 1.81| 1.52| o0.83
180.0 2,22 | 2,94 | 2,92| 2,48 2.48] 2.32] 1.78| 1.58
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Table B-12

; .

SfI‘ANDARD DEVIATIONS ABOUT TLE MEDIAN FOR THE HORIZONTAL DIPOLE W:TH BALUN
IN THE FOREST--E AT .75 MHz

H

~_Elevation | 5.0} 10,0 | 15,0 | 20,0 5.0 | 30.0 |35.0 [40.0 [45.0
Azimuth | !

-170.0 -- | 3.38| 3.,49| 3,29 | 2,73 2.84{ 2.72| 2.27| 1.75
' -160.0 0.0 2,94 2,45| 2.54| 1.88| 2.39"| 2.64| 2.65| 2.51
-150,0 == | 2.78( 2.21| 2,14 1.47| 1.58{ 2.16| 2.65| .3.05
-140.0 D.o| 2.41] 1.53] 1.46 | 0.93| 0.94| 1.48| 1.95| 2.37
-130.0 - 1.68| 0.71| 0.91| 0.88| 1,95| 1.56| 1.61]| 1.55
-120.,0 -- | 1.43] o.81| 0.79| 1.02| 1.12| 1.53| 1.45| 1.29
-h10.0 —-! 0.94| 1.00| roz| 1.15| 1.07| 1.04] 1.06]| o0.77
-100.0 -- | 'o.67| 0.83| 0.92| 0.89| ‘0.81| 0.79| 0.67| 0.55
-90,0 -- | 1.00|,0.91| 0.78 | 0,63 0.67 0.78| 0.98| 1.00
-80,0 0.0| 0.84]| 0.72| 0.74§ 0/56| 0,78 0.99| o0.89| o0.89
-70.0 “- | 0.82| 0.67| 0.81| 1.16| 1.03| 0.84| 0.72| 0,53
-60.0 -- | 0.97|,0.61]| 0.87{ 0.79| 0,98| 1.00| 0.83| 0.87
'=50,0 - | 1.57| 1.60| 1.21| 1.14| 1.22| 1.13| 1.02| o0.01
-40.0 - 1.43} 1.30| 1,33 1;%>| 1.41{ 1.45| 1.43| 1.11
-30.0 -- | 2.28| 1.64| 1.65| 1.95 2,37| 2.64| 1.73| 1.07
-20.'0 0.0| 1.93f1 1,41 2.02| 2.39 3.41| 3.35| 2.86 | 2.66
-10.0 -- | 4.01) 3.34| 2,98 3,13 3.55! 3.55| 3.42| 4.05
0.0 -- | 3.88)3.,53| 3.26|,2.97 2.77| 2.51| 3.16| 3.40
10.0 -- | 3.34| 3.48| 3,06 | 2,39, 2.52( 2.92| 2.77| 2.28

| 20.0 == | 3.63| 2.A8| 2,78 | 3.55 3.,25| 2.74( 2.47| 2.18
30,0 -- | 241 1.76| 2.22| 2,13 2.62| 2.45| 2,00 1.30
40.0 .- | 2.32| 12,12 1.75| 1.66  1.59] 1.27| 1.10| o0.75
50,0 -- | 2,04 1.55/ 1.41| 1,40 1.05| 0.85| 0.70 | 0.69
60.0 < | 21| L.35| 1.15| 0.94; 0.71| 0.66| 0.58 | 0.48
70.0 -- | 2.30| 1,06| 0,97 0.74, 0.69| 0.54| 0.49| 0.55
80.0 -- | 1.80f 1,09| 0.99| 0.97] 0.66| 0.62| 0.58]| 0.62
90,0 ' - 1.20/:0.80| 0,88 | 1.04, 0.77| 0.56| 0.55| 0.59
100,0 0.0 1.10| 0.69| 0.93| 0,93 0,73| 0.62| 0.76 [ 0.82
110.0 --.| 2.61) l.28} 1.,24| 1,35 1.38| 1.19] 1.02| 1.05
120.0 -=- | 2.99| 1.57| 1,30| 1.20| 1.09| c.98| 0.90| 0.83

| 130,0 -- | 2.48] 1.50| 1.22| 0.93 0.67| 0.94| 0.94| 0.70
140,0 -- 2.30| 1.43| 1.45| 1.66| 1.79| 2.34| 1,87 ,1.68
150.0 -- {,2.59]| 2.24| 1.82| 1.94| 2,19 2.68| 2.52| 2.23
160.0 0.0| 3.59| 3.89| 3.34| 2.81| '2.71| 2.72| 2.87]| 2.89
170.0 -- | 3.35] 4.11| 4.02| 3.54, 3,10 2.54]| 2.51] 2.70
180.0 -+ | 2.87| 3.50| 3.74| 3.30( 3.21| 2.40| 2.30| 2.10
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Table B-13

STANDARD DEVIATIONS ABOUT THE MEDIAN FOR THE HORIZONTAL BALANCED DIPOLE
IN THE FOREST--Ee AT 75 MHz

Elevation] 10.0 | 15.0 20,0 25,0 30.0 35.0 40.0 4‘45.0 50,9
Azimuth
(]
-170.0 41,86 4,67 4,75 5.63 3.98 3.46 2.43 2,25 2,71
-160,0 4,01 3.90 3.48 2,77 2,89 2,68 2,66 1.78 2,90
«150.0 3.66 3.47 3.32 2.24 2,15 2,47 2,59 2,52 2,10
-140.0 4,02 4,16 3,34 2,33 2,00 2,01 1.84| 0,97 1.43
-130.0 3.28 3.60 3.21 2.03 2,35 1.89 1,79 | 0.94 0.76
-120.0 4,68 4,42 3.73 2,45 2,83 2.24 2,12 1,12 1.14
-110.0 4,59 4,73 1,51 4,33 4.10 3.79 2,98 1.36 1.57
-100.0 3.69 3.30 3.99 4,75 4,31 3.64 3.72 2,91 2,18
=-90.0 4,81 4,22 3.63 3.73 3.99 3.33 3.12 2,64 2,69
-80.0 4,72 4,65 | 5,01 4,22 1,62 2,56 2,47 2,13 1.95
-70,0 5,12 5.15 5,04 3.93 3.49 2,55 2,71 2.45 2,23
-60.0 5.19 4.58 | 4.41 3.18 3,17 2,72 2,76 2.20 2,19
-50,0 4.74 4.62 ] 4.16 2,97 3.63 3.05 2,47 1.52 1.55
=40,0 4.94 5,52 | 5.16 4.34 1.41 2,78 2,26 1.37 1.47
=30.0 4.61 4.99 5,24 ‘ 4.68 3.81 1.91 1.70 1.41 1.26
-20.0 3.90 4.03 4.24 4.12 3.30 1.79 1.50 1.49 3.34
-10.0 4.08 3.32 2.73 1.85 1.62 | 1,53 1.16 1.62 1.20
0.0 3.70 2,50 2,34 2,25 ; 2.46 2.10 1.78 1.48 | 0.86
10.0 3.52 2,96 | 3,03 2,23 2.96 3.63 2.41 1.86 | 0.89
20,0 4,56 4,56 | 3.78 2,71 2,86 2,19 1.33 1.17 0,78
30.0 4.11 4,11 1,14 2,83 | 2.31 1,51 1.15 1.34 0.89
40.0 3.54 3.65 | 3.88 3.44 | 2.99 2,59 2,02 2,28 1.55
50,0 4.16 4,23 | 3.66 2,87 ! 3.348 1.36 3.056 2,77 1.80
60.0 3.88 4,47 4,58 4,32 1.46 4,16 2,78 2,46 1.61
70.0 4,06 4.07 4. 38 4,85 | 1.35 ‘ 4.13 3.01 2,40 1,77
80,0 4,56 4.92 4.38 4,26 ‘ 3.72 3.85 3.41 3.71 2,63
90.0 4,55 4,40 | 4,06 3.18 l 3,33 | 3,10 3.40 | 3.71 3.26
100.0 3.89 5,00 | 4.83 4,92 | 4,27 4.34 3.82 3.52 3.92
110.0 2,79 3.53 1.28 4,80 3.64 3.47 2,89 3.83 3.77
120,0 3.13 3.91 4,28 4,27 2,99 1.72 1.24 1.90 1.89
130.0 3.11 4,52 | 4.53 4,79 3.13 1.36 0,87 )] 0,76 | 0.93
140.0 3.22 3.95 | 4.53 5.55 3.57 1.95 1.56 1.18 1.35
150.0 3.50 3.71 3.67 3.36 | 3.24 3.39 2,77 1.82 1.73
160,0 3.80 3.95 3.98 3.27 3.45 3.36 2,96 2.75 2,31
170.0 4,34 4,93 | 4.11 3.90 3.48 3.45 3.35 -- 2,63
180.0 -- -- l - - -- -- - -- --
| |
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Table B-14

STANDARD DEVIATIONS ABOUT THE MEDIAN FOR THE HORIZONTAL BALANCED DIPOLE
IN THE FOREST--E0 AT 75 MHz

Elevation| 5,0 | 10.0 15.0 20,0 25.0 30.0 35.0 40.0 ]45.0
Azimuth =
-170.0 - 3.85 2,966 3.31 3.48 4,30 4,07 3.95 5.26
-160,0 0.0 4,50 4.43 4.03 5.16 3.29 2,91 3.04 3.70
-150.0 - 2.75 1.07 1.86 1.40 1.74 1.32 1.94 2.10
~140,0 - 2,74 1,84 1,81 1.75 1,39 1,45 2,02 2.72
~130.0 - 1,81 1,82 1.83 2.05 1.50 1.48 1.58 1,76
-120.0 -- 1.10 1,19 0.87 0,60 0.87 0,99 1.20 1,85
-110,0 -— 1.13 0.67 0,73 0,61 0.74 1.04 0.99 1.89
-100,0 -- 1.03 0.62 0.74 0.91 0.79 0.98 1.25 1.27
-90,0 -- 0.81 0.71 0.65 0.63 0.76 1.C0 0,83 0.63
-80.0 - 0,77 0.73 0.70 0,72 0.73 0.82 ' 09,77 0.70
-70.0 - 0.84 0,72 0.74 0,74 (.59 0.73 0.80 0.89
-60.0 - 1,18 1.04 0.87 0.72 0.55 0.73 0.88 1,06
~-850.0 - 1,01 0.75 0.88 1.08 0.86 0.77 0.93 1.03
-40,0 - 1,16 0.95 1.03 1,01 1,28 1,36 1.39 1.45
-30.0 - 1.64 1.24 1.09 1,09 1.55 1.76 1.64 1.62
-20,0 - 1,78 1,31 1.29 i.29 1.60 2,22 2.19 2.47
-10 0 -- 3.08 1,46 1.98 1.66 2.61 3.38 3.93 1,60
0.0 - 1.49 2,99 2,87 3.18 3.90 4,02 3.87 3.52
10.0 - 3.71 2,90 2,64 2,67 3.54 3.68 3.06 2,39
20,0 - 3.10 2.04 2.03 1,67 2,04 2,10 1.67 1,72
30.0 -- 3.19 2.37 2,22 1.62 1.G6 1.69 1.84 1.77
10.0 - 3,00 2.34 1.99 1.63 1.36 1,34 1.€0 1,57
50.0 - 2,13 1.48 1.51 1.18 1.11 1.25 1.38 1.25
60,0 -- 2,29 1,23 1.15 1,07 0.88 1.00 0.96 1.01
70.0 - 2.73 1,29 i 1.03 0,93 0.68 0.45 0.52 0.58
80,0 0.0 1.94 0.83 0.89 0.97 0.75 0.64 0.64 0.59
90.0 - 2,74 0.74 0.84 0.81 0.66 0.75 0.70 0.60
100,0 - 3.76 1,20 1.09 0.55 0.57 0,67 0.61 0.54
110.0 - 3.90 1,78 1,20 0,77 0.65 0.70 0.64 0.56
120.0 - 2,59 1,585 1,27 0.83 0,77 0.65 0,78 0,77
130,0 - 2,72 1,20 1.43 1.20 1.68 1.45 1.45 1.34
110,0 - 2,86 1.53 1.82 2.87 2,26 2,65 1.95 1.62
150,0 - 2,87 1.32 l.10 1,15 1,69 1.64 2,09 1.83
160.0 - 2,88 2.13 2,03 1,95 2,33 2.71 2,63 1.97
170.0 - 3.78 3.76 3.16 2.43 3,37 1,15 3.19 3.76
180,0 - 3.411 2,88 9,148 - - - - -
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Table B-15

STANDARD DEVIATIONS ABOUT THE MEDIAN FOR THE HORIZONTAL BALANCED DYPOLE
IN THE FOREST--Ee AT 100 MHz

Elevation |10.0 | 15.0 | 20.0 | 25.0 |30,0 | 35.0 |40.0 |45.0 | 56.0
N;;:;::;\\\\\\‘ ;

-170.0 2,25 2,02| 2,41| 2,41y 7.23! 2.44| 2.53| 2.13] 1.30
-160,0 2,96 2,05 2,72 2,12 | 2.48| 2.65| 3.00| 3.33! 1.82
-150.0 3.79} 3.51| 3.83| 4,23 2.75| 2.34| 2.23| 1.32] 1.84
-140.0 4,37| 4.50| 3.72| 2,94 | 2.84| 2,47} 1.,80]| 0.77| 1.44
-130.0 3.14| 3.36 | 3.57| 2.88| 2,98] 2,551 2,12 1.00] 1.26
-120.0 3.39| 4.36 | 4,15| 3.87| 3.76| 3.09| 3,03 1.74| 1.44
-110.0 4.63| 4.97| 4.28| 4,33| 4.58| 4.26 | 3.28| 1.55{ 1.71
-100.0 3.69| 4,01 3.86| 4.07] 4.27| 3.96 )} 3.57| 2.08| 2.13
-90,0 3,96 3.24| 3.44] 3.74| 3.35| 3.47| 3.67| 2.91| 2.81
-80,0 4,42 2,60} 2,63| 2,06 | 2.15| 2,65} 3,01) 2.46| 2.00
-70.0 5.65| 3.92 2,41| 0,77 1,51 2,26 | 1,73| 1.05| 1.38
-60,0 3.30| 2,39} 2,75 1,54 1,96 2.00| 1.90] 1.24| 1.25
-50,0 3.41} 2,94 3,13| 2,41 2,31 2,49 2.22| 1.88! 1,35
-40,0 3.03| 3.88)] 3,36 2.39} 2.16| 1,62] 1,76 | 2.03| 1,81
-30,0 2,83} 3,75 | 3.88| 3.,22| 2.,93| 1.59| 1.42] 1.41  1.45
-20,0 2,75| 3.05| 3.75| 3.46 | 2.90] 1.46 | 1.23| 1.23 1.29
-10,0 3.53| 3.881 3.60}| 2,59 | 2,51 1,97 1.38 ] 1.2 1.53
0.0 3.94| 3.89 3,74 2,77 2,30 2,00 1.29| 1,10 1.12
10.0 3.42| 3,37 | 3.19| 2.37| 2.20| i.88)| 0.97| 1.24 0.89
20,0 3.23| 2.99| 3.14)] 2,41 2,42 | 2.00| 1.41 ] 1.22 o0.98
30.0 3,49 3.58 3.,54| 3,20 3.10]| 3.51 1.85] 1.45! 0.92
40.0 3.53} 3.89| 3./6| 3.26 | 3.19| 2.79 | 1.69| 1.81| 1,41
50,0 3,60 3.65| 4,20f 4.25( 4,38 3,92 | 2,76 | 2.83' 2,18
60.0 4.55| 4.22| 4,21 4.38| 4,97 | 5.35| 4,15| 3.21| 2.6W
70.0 4.43) 4.48 | 4,11 | 3,96 | 4,93 | 5.80( 4.93 | 4.43; 3.50
80.0 4,16 | 4.09 | 3.65] 3.30| 3,97 ] 3.66 | 4.09 | 5.37| 3.86
90.0 4,11 3,09 | 3,32} 3.25| 3.67| 4.53] 3,90 3.30| 2.07
100,0 3.67| 3.50 | 3.42} 3,18 | 3.89| 3.27| 1.96 | 1.72| 1.04
110.0 2,96 | 3.56 | 3.16§ 2.88 | 2.42| 1,76 | 1,48 | 1.45| 1.04
120.0 3.20) 2,96 | 2,73 1.81 | 2,78 3,95 | 2.34| 1.47{ 1.02
130.0 3.26 | 3.82| 3.15| 3,05 | 2,38 2.15| 1.42 ] 1.06] 0.67
140.0 3,99 | 3.78| 3.,50] 2,44 2,19 2,28 1,49 | 1.18]| 0.87
150.0 5,04 | 4,91 | 4,11 2,83 | 2,66 2.16 | 1.87 -- 0.83
160.0 4,23 | 4.41 | 4.20] 3,39 | 2.84| 2.21| 1.99 -- 1.33
170.0 2,76 | 2.99| 3.83| 4.13| 3.19| 2,79 | 2,16 -- 1.40

180,0 -- -- -- - -- [ -- -- -- oo
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Table B-16

STANDARD DEVIATIONS ABOUT THE MEDIAN FOR THE HORIZONTAL BALANCED DIPOLE
IN THE FOREST-—E@ AT 100 MHz

= j0,0
LLI ¥
Ly, o
a0, 0 .80 | e 303 4.1% L0 4.5 T 4T 1
30,0 == L.wp | rom| 2.2, a4 d.dm | 3,07 .74 1 1,
i

i

3,33 | .18 33| 318, w.am AR | T 347
3,08 | J.R3 | 240 | d.da| 037 | s8] 3
3.8 | 2| a,m| ae2| 477 poaz| =211 2

levation| 5.0 110.0 [18.0 [90.0° [25.0 |ao.0 |o%.0 TR T
LAz imith
=170, 0 = | A2 A e s | zoew| o4 isd
-160,0 GO 2| 2l oLes ] e | Lew| 184 1,48
TR ~ | BRI Les| L] o] s o.ra]| wnew| 0.1
=140, 0 0.0 1.41 ) om0 2oz toe| nar| war] Lul oee
LR == | LM Loe o] e L] ] bos 0,47
=110, 0. = | %8| o8N] o | 1oawm| Lre]| 189 oo | o.e
-110,0 == | o) ves| 0.76| Laa| 2ue 3az] 16 0.33
=loo, o = %l e Loo| | sem| doonl| 1los .31
=), 0 == | 0871 O.mi| ooeb ) 42| 0.00] 0.6 o.ex| o.ae
<#1, 0 G O.wE g L) oee| omo| e oew| v | o.na
-T0.0 - LOT | 13 e | oome | 298| 238 Leo| (s
-, 01 == |63 L] ron ] | e zea| ml4 T
-3, 0 — L3 Lor] k| Lav| 2ar| 2.00] b.ez| 3.9
-4, - .76 | 033 bme | w80 2007 s | er| 1
-, 0 - d.41 2.1 I.nn o, A, P I - 1.38
- 30,0 = NN LW s aer| e 1| 20 .10

ao.n 119 LM 2,00 3,08 2,18 07 [ ). pE

oo, b = AW 30 e L] L] s | nael oLn
w0 - L L RS N VST baom | o.nd
o0 — 308 [ boaml oLm | oajim| tew| g0 o | 1.0
[T loa| 3| o.m4 T8 Loa | rei| os| o.ea! b, ae
i, 1 “n T8 o) vl o wmrs! o.ee 0,74 | 0, mn
10 - LIV [ 14| oome| o8] o.se ] ulaw o8| n.1a
10,1 .- 1470 Ll L | oome| 0.0 | wse 0, 6.
P, 0 == d6m | LM | 1ar| fLiw LT 1,08 o9 | o857
13,0 - 0% [ rer| e8| 1.e7| L.oee| 3 0B L2 | .71
10,0 - AW | 2.8l 2| 2oom| z.oi6! 1.4l T
150, 0 -- 1.45 1 3.0 | por| o] zoex| »oam| 338 i.84
1RO, O - 190 | 4.m( 44| 203 .48 3.mm i | a.me
Lo, - A.8]) A8 | douw 1.72 ATl & 34 i, 0 i, m
1&g, 0 _— 2.53 L X, 00 - == - — -
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Table B-17

STANDARD DEVIATIONS ABOUT THE MEDIAN FOR THE VERTICAL SLEEVE DIPOLE
IN THE CLEARING--Ee AT 100 MHz

levation | 10.0 15,0  20.0 25,0 | 30.0 35.0 40.0 45.0 50.0
Azﬁ;:%;\\‘-\\

-170.0 1.82 1.60 1.74 1.84 1.70 1.59 1.46 1,31 1.04
-160.0 1,54 1,33, 1,10) 0.79 1.23 1,27 1.34 1.28 ] 1.24

-150.0 1.63 1,03 0.96] 0.46] 0,67 1,047 1.51 1.33 1,30 ]

-140.0 1.56 1.12( 0.74 0.38] 0.59 0.92| 1,12 1.21 1,22 |
-130.0 1.49 1.33 1.61 0.71] 0.83]| ©.,80] 0,78 0.84| 0,78
-120,0 1.91 2.07 2,06 1.18 1.28 0.87 ¢.82 0.37 0.37
-110,0 1,96 2.40 2,18 2,33 1,96 1.02 1.08 0.33 0.29
-100,0 1,92 2,23 2,40 2,49 2,54 1.55 1.35| 0.40 0.33
-90.0 2,29 2,36 2,12 2,10 2,34 1.45 1,23 0.25 0.29
-80.0 1,84 1.86| 2,05 2,15 1.95 1.14 1.18 0.34 0.25
-70.0 1,47 1.74 1,89 1.73 1,50 0.90| 0,88 0.45 0.54
-60.0 2,14 2,24 1.90 1.47 1.63 1.25 0.96 0.52 0.74
-50.¢C 2,38 2.16 1.98 1.55 1.61 1,20 1.08 0.67 0.66
-40,0 1.93 1.72 1.81 1.54 1.46 0.97 1.12 0.75 0.63
-30,0 1.74 1.62) 1,64 1,31 1,17 0.88| 0.63]| 0,78 0.53
-20.0 2,25 1.83 i.,98 1,99 1,72 1,73 1.16 0.97 0.47
-10.0 2.41 2,37 2,28 1,79 1.70 1.81 1.30 1.20)] 0.55
0.0 2,08 2,46 2.19 1,46 1.65 1.56 1.12 1.12 0.69
10.0 2,30 2.465 2,30 1.65 1.63 1.68 1.23 0,96 0.92
20.0 2.32 2.30 2,37 1.94 1.84 1.68 1.02 1.04 0.63
30.0 1.38 1.95 2.20 2.03 1.83 1.85] 0.76 0.71 0.33
40,0 1.58 2,15 1,97 1.70 1.81 1.78 2.79 0.61 0,05
50.0 1.62 2,11 2,09 1.90 1.89 1.75 0,86 0.99 0.34
60.0 1.22 1.85 2,23 2,15 1.98 2.07 1.31 1.23 0.66
70.0 1.24 2,30 1.97 1.78 2.00 2,05 1.35 1.15 0,60
80.0 1.32 2,43 2,19 2,08 2,10 1.99 1.24 1,32 0.59
90.0 1.19 2,10 2.33 2,451 2,41 2.41 1.55 1.12| 0.45
100.0 2,30 2,55 2,65 2,61 2,43 2,46 1.19 1.09 0.40
110.0 2,15 2,88 2,85 2,901 2,14 1.70 0.41 0.50 0.28
120,0 2.11 2.80f 2,75 2,13 1.86 1,23 0.74 0.60 | 7,24
130.0 2.76 2,61 2,36 2,16 2,36 1.96 1,58 0.88 0.19
140.0 1.69 1.75| 2,18 2,11 2,25 1,49 1,47 1,05 o0,27
150.0 1.11 1.83 1.74 2,03 1.87 1.23 1.09 0.91 0.30
160,0 1.78 1.79 | 1.06 1,27} 0.92( 0,87 -- 0.39
170.0 1.69 1.35 1,50 1.19 1,11 1.17 1.00 -- 0.87
180.0 1.6?17 1.82 1.98 2,32 1.93 1.55 1.31 -- 1.05
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270

TA-8663-236

FIGURE B-17 CONTOUR PLOT OF THE MEDIAN RESPONSE OF THE VERTICAL SLEEVE
DIPOLE IN THE CLEARONG—Eo AT 100 MH:
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Table B-18

STANDARD DEVIATIONS ABOUT THE MEDIAN FOR THE VERTICAL SLEEVE DIPOLE
IN THE FOREST--Ee AT 100 MHz

levation [10,0 15.0 | 20.0 25.0 30.0 35.0 40.0 45.0 50.0
Az£;:E;\\“-\‘
=170,V 3.58 3.48 3.36 2.16 2,17 2,25 2,42 2.39 2,03
-160.0 4,55 4,99 4,93 3.40 2.80 2.47 2.43 2.05 1.97
-150,0 4.97 4,33 3.78 3.17 2.89 2.59 2,40 1.78 1.73
-140.0 2,92 2,75 3.04 2,78 3.18 2.78 2.61 2,01 1.84
-130.0 3.67 3.89 3.86 3.84 3.55 3.19 3.18 2,33 2.10
-120.0 4,32 4,21 4.07 3.34 3.43 2.83 2,57 2.06 2,04
-110.0 3.92 3.50 3.47 2.83 2.66 2,09 2.36 2,11 2.04
-100.0 3.89 2,77 2,66 2.19 2.46 2,23 2.10 2,19 2.18
-90.0 3.59 2.51 2.81 2.06 2.19 1.86 1.83 1.92 2,01
-80.0 3.79 3.75 3.57 2.59 2.07 1,94 1.92 2.34 2.33
-70.0 3.89 3.52 3.09 1,93 1.92 2.08 2,66 3.05 2.48
-60.0 2.55 2,31 2,41 1.73 1.64 1,97 1,92 2,27 2.48
=-350.0 2,18 1.99 2.38 2.37 2.00 1.89 1.64 1.95 2.03
-40,0 3.64 2.63 2,31 1.91 1.76 1.91 2,14 2.71 2,07
-30.0 3.23 2.16 2.08 1.37 1.26 W& 1.79 2.2 2,06
-20,0 3.01 2.16 2,26 1.50 1.49 1.69 1.85 2.21 1.96
-10.0 3.54 2,78 2,50 1,76 | 2,14 2.24 2.15 2,12 2.14
0.0 3.68 3.06 3.13 2.67 2,13 1.84 1,66 1.53 1,82
10.0 3.38 2.40 2.55 1.93 1.91 1.69 1.85 2,23 2.40
20.0 3.30 2,43 2.37 2,04 1.64 1.69 1,77 1.86 2.10
30.0 3.07 2,88 3.24 2,80 1.98 1.90 1,72 1.76 1.92
40.0 3.25 4.01 4,05 3.45 2.47 2,09 1.85 2,17 2.2
50.0 3.38 3.64 3.77 3.83 2.28 1.96 1.84 2,04 2.31
60.0 3.15 3.12 3.38 3.26 1.81 1.90 1.84 2.15 2,36
70.0 3.10 3.34 3.32 3.28 1.93 2,05 1.89 1.83 2.0%
80.0 3.10 3.56 3.38 3.46 2.28 1.98 1.91 .58 1.70
90.0 2.84 3.55 3.10 2.70 1.60 1.63 1.f/ 2,25 2.20
100.0 3.16 3.07 2.86 2,62 1,20 1,72 1,92 2,14 2.1
110.0 3,34 3.78 3.84 3.47 2,50 1,99 1.65 1.83 1.92
120.0 3.28 3.24 3.97 4.16 3.08 2.35 1.89 2,22 2,23
130.0 3.52 3,78 3.68 3.13 2.34 2,37 1.66 1.62 1.40
110.0 1.12 3.95 3.413 2.54 1,94 2,18 2,27 2.47 2,06
150.0 3.56 3.37 2.85 1.61 1.35 ).41 2.15 3.23 2,16
160.0 3.12 2,50 3.12 1.99 1.77 1.65 1.80 - 1.15
170.0 3.97 3.76 3.45 2.78 2,41 1.99 2,15 - 2,02
180.0 3.82 3.56 2,96 1.32 1.86 2,37 2.73 - 2,22
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TA-8663-237

FIGURE B-18 CONTOUR PLOT OF THE MEDIAN RESPONSE OF THE VERTICAL SLLEVE
DIPOLE IN THE FOREST—EO AT 100 MH:2 '
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Table B-19

STANDARD DEVIATION‘S ABOUT THE MEDIAN FOR THE VERTICAL SLEEVE DIPOLE
IN THE FOREST--Eo AT 100 MHz
1 1

N
|

levation [5.0 [10.0 [15.0 | =z0.0 25.0 (30.0 [35.0 [40.0 |45.0
Azimuth !
-170.0 -1 1.57] 2.33| 2.12 1.65] 1.48| 1.26 1.29] 1.1¢
-160.0 0.0| 1.66( 2.33| 2.22| 1.94) 1.04] 1.80{ 1.49 1.18
-150.0 | = 1.59 | 2.09| 2,08 | 1.89| 1.92| 1.81{ 1.67| 1.17
-140.0 0.0 | 1.56 | 1.88| 1.92 | 1.73| 1,71 1.72] 1.76 | 1.45
-130.0 ' =S 1.42} 1,74 1,71 | 1.53|.1.50| 1.38]| 1.27 1.20
-120.0 -- 1.40f 1.86 | 1.82] 1.64] 1.63| 1.33) 1.14] 1.01
-110.0 == 1.73 1 2,19 2.23 [ 2,17} 1.97] 1.68] 1.62]| 1.88
-100.0 == [, 2.06] 2.24| 2,29 2,31 2.08] 1.73| 1.70] 1.97
-90.0 -- | 2.20 2,42 2.15| 2.00; 1.84 1.92 1 1.621 1,42
-80.0 -- 2,03 2,04 2,07 [ 1.93| 1.67| 1.68| 1.64 ! 1.72
-70.0 ' - 1.98 | 2.30| 2,06 2,04| 1.83] 1.58| 1.62| 1.56
-60.0 =~ |'n7d| 1e1| 1.73] 1.54] 1.61! 1.66 1.55 | 1.36
-50,0 == 1.11 } 1.32 | 1,29 | 1.18] 1.57] 1,82 1.58] 1.51
-40.0 o] - 1,19 f 1.52 | 1.54 | 1.71| 1.59| 1.34) 1.37 1.32 |
-30.0 -- 1371 1.85( 1.95| 2.11| e8| 1.11) 1.13[ 1.16
-20.0 -- 1.421 2,05 1.96 |:1.73| 1,09{ 0.62| 0.76 | 0.83
-10,0 = |'170( 2.13) 1.94) 1.74( .13 0.81] 0.82] 0.75
0.0 Pj0-0 1521 L71f 170 1.49 ) 1,42] 1.05| o.85] 0.79
10.0 -- 1.29) 1.49 [ 1.39} 1.45] 1.35| 1.21{ 1,07| 1.15
20,0 == | LAt b7s | o1e3 | .saf foa| 1l20] 1.01] 114
30.0 - 0.921 1.89 | 2,07 2,22} 2.23| 1.23| 0.93| 1.09
40,4y, = (126 2.00| 1,97 | 1.86] 1.90| 1.69 | 1.44° 1.43
50.0 = 1.29 1 1.87 1 1.88 | 1.71| 2,07 2.i8]| 2.04! 1.97
60,0 - | o.88) 166 1.66{ 1.8a! 2,36 2.27( 2.1, 2,07
70.0 == 0.76 | 1.10 [ 1.40 | 1,43 ] 1.7 2,09 | 1.97] 1.73
80.0 -=- | o3| 1,20 1.24] 1,05 1.» L€ | 1.77] 1.60
90.0 == | 1oa| 1,20 1.20] 1.41] 1.4 1.87 | 1.85] 1,87
100.0 -- 1.05 1 1.28 | 1,34 | 1,49 | 1.7a| 178 1.89| 2.21
110.0, - 0.98 | 1.45| 1.28 [ 1.28 | 1.43] 1.42] 1.55| 1.68
120.0 0.0 1.0.85 1 1.71 | 1.79 | 1.82| 1.80| 1.26 | 1.24| 1.32
130.0 - 0.931 1.66 | 1,74 1,90 1.67| 1.18] 1.13| 1.08
140.0 -- 0.68 1 1.14 1 1.21 [ 144 1.59| 1.44] 1.27| 1.08
150.0 L= 0.95 1 L2 1.35 | 1.70 | 1.81| 1.89| 1.67 | 1.48
'160,0 | 1.38 | 1.71 ) 1.65 | 1.79( 1.83| 1.85| 1.69 | 1.49
170.0 -- 1.29 1 ' 1.73 1 1.50 | 1.16 | 1.46| 1.53| 1.50 | 1.44
186, 0 0.0 1 ©.29 [ 1.93 | 181 | Los| 18| 1,19 1.33] 1,47

174




VA-8681-238

FIGURE B-19 CONTOUR PLOT OF THE MEDIAN RESPON3E OF THE VERTICAL SLEEVE
DIPOLE IN THE FOREST—-E¢ AT 100 MH:
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Table B-20

STANDARD DEVIATIONS ABOUT THE MEDIAN FOR THE VERTICAL BALANCED DIPOLE
IN THE FORES'I‘--I-Ie AT 100 MHz

levation | 16.0 | 5.0 [20.0 [25.0 |30.0 [35.0 [40.0 |45.0 |30.0
m

-170.0 4.27| 3.77| 3.77) 2,79 | 2,47 | 2,40 2.40] 1.89| 1.77
-160.0 4,44 4.43| 4.29| 3.22| 3,08 2,74 | 2.79| 2.30| 2.0
~150.0 3.341 3.08| 3.13| 3.15| 7.68 | 2.45 | 2,07 1.51] 1.94
-140.0 1.90] 2,02| 2.31| 2,15 2.25| 2,36 | 2.48| 1.90] 1.68
1-130.0 2,36 1.80] 1.71) 1.61| 1,89 2,09 | 2.02| 1.81] 1.78
-120.0 2.67| 1,96 1.73| 1.42| 1.52 | 1.59 | 1.53} 1.42] 1.50
-1106.0 2,671 1.93] 2,11| 1.68| 1.53| 1.39 | 1.52 1.50] 1.26
-100.0 3.35| 2.37] 2.24| 1.64| 1,70| 1.44 | 1.41] 1.49] 1.78
-90.0 3.35]| 2.43] 2.31| 1.93| 1.83| 1.95| 2,18 2.27 | 1.82
-80.0 2.96| 2.38] 2.72] 2,53] 2,611 3,01 3.23| 3.48| 2.92
-70.0 3.50| 3.01} 3.21]| 2.96| 2.75| 2.84 | 2.96] 3.02| 2.75
-60.0 3.73] 3.62| 3.16| 2.44] 1,99 | 1.79| 2.21| 2.42| 2.30
-50.0 2,57 2.43] 2.29| 1,74| 1,951 2,14 | 1.87| 1.84| 1.71
-40.0 2,33 1.70| 1.58| 1.46| 1,45 1.47 ) 1,49 1.28( 1.16
-30.0 3.23( 1.64| 2,02 1.41] 1.81 ]| 1.62 | 1.32] 1.30| 1.01
-2(,0 4.43| 4.06| 3.66| 2.88] 2,56 | 2.24 | 1.37| 1.11| o0.98
-10.0 4.53] 3.67) 3.68] 2.88| 2,31 1.54 | 1.21| 1.22] 1.22
0.0 3.65) 2,06| 1.89| 1,66 1,53 | 1,45 | 1.14| 1.11| 1.35
10,0 3.35] 2.11} z.01] 1.23] 1.8 1,12 1.20| 1.24 | 1.36
20.0 4.50| 2.48| 2.46) 1.20| 1.11 | 1.01 | 1.13) 1.20| 1.43
30.0 4.72 3.31| 2.93| 1.29( 1.12| 1.19] 1.37| 1.47| 1.63
40.0 3.76 | 3.27} 2.94| 1.85| 1.51) 1.54 | 1.58] 1.60]| 1.82
50.0 4,02 2.65| 2.43] 1,97 1.72] 1.85 | 1.53] 1.38| 1.66
60,0 3.72) 1,94} 2,23] 2.,27| 1,79 1.64 | 1.19| 1.18 | 1.19
70.0 3.121 1.59) 1.79| 1.88| 1.57 | 1,48 | 1.44| 1.37 ] 1.16
80.0 3.14| 1.45] 1.67| 1.20| 1.27| 1.52] 1.79| 1.871] 1.63
90.0 3.407 2.28| 2,06 1.27) 1.22| 1.23| 1.64] 1.89| 1.59
100.0 3.51 2.71} 2.28| 1.25( 132 1.26 | 1.37| i.30] o.89
110.0 2.83] 1.80| 1.84| 1.21| 1.47| 1.67 | 1.67| 1.48| o0.99
120.0 3.501 2.17] 1.96| 1.25| 1.52| 1.70 | 1.65 1.69| 1.25
130.0 4.12] 3.30} 2.21) 1.22( 1.51| 1.58 ] 1.45| 1.40| 1.19
140.0 3.82| 2.68| 2.83] 1.86| 1,94 1.56 | 1.20| 0.96 [ 0.4%
150.0 4.65| 3.98| 3.58| 2.56| 2,03 | 1.42| 1.25| 1.11| 0.84
160.0 4.55| 3.79| 3.51| 2.43| 2.25| 1.70| 1.70 -- 1.33
170 0 4.20] 2,86 3.03| 1.75| 1.83 | 1.46 | 1.57 - 1.42
180.0 1.44| 3.60| 2.83| 1.69| 1.75| 1.64 | 1.49 = 1.30
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Table B-21

STANDARD DEVIATIONS ABOUT THE MEDIAN FOR THE VERTICAL BALANCED DIPOLE
IN THE FOREST—-E0 AT 100 MHz

levation | 5.0 |10.0 15.0 20.0 | 25.0 30.0 35.0 40,0 45,0
Azimuth
~170.9 -- 2.43 2,82 2,74 3.45 3.4 3.70 3.67 3.72
-160.0 0.0 2.60 3.03 3.14 3.58 3.61 3.49 3.50 3.35
~-150.0 - 2,96 3.21 3.17 3.56 3.43 3.22 3.07 3.01
-140.0 -- 3.05 2.93 2.91 3.03 2,97 2.80 3.06 3.19
~130.0 -- 3.09 2.63 2,88 2,92 2,96 2.84 2.95 3.13
-120.0 0.0 3.80 3.25 2,97 2.93 2,93 2.80 2,50 2,31
-110.0 - 3.41 2,93 2.89 2.72 3.00 2.80 2,81 2.06
~-100.0 -- 2,47 2,51 2,72 2,56 3.49 3.79 3.66 3.31
-90.0 - 2,35 2.63 2,75 3.00 3.94 4.26 4,27 4,23
~80.0 -- 2.61 2,82 3.10 3.34 3.72 3.68 3.94 3.85
-70.0 -- 3.08 3.24 3.31 3.29 3.43 3.60 3.70 3.65
-60,0 0.0 3.30 3.54 3.49 3.63 3.97 3.71 3.32 2,81
-50,0 -- 3.22 3.42 3.58 3.65 3.59 2,98 2.86 2.69
-40.0 - 3.26 3.32 3.44 3.48 3.18 2,65 2,79 2.80
-30.0 -- 3.21 3.19 3.15 3.10 3.16 3.00 2,92 2.91
-20.0 -- 3.02 3.30 3.25 3.26 3.13 2.8 2,76 2,56
-10.0 - 2.66 3.20 3.29 3.61 3.17 2,62 2,75 2,79
0.0 - 2,39 3.08 3.17 3.33 2,87 2,54 2,54 2,62
10.0 -- 2.29 2.95 2.92 2,72 2.38 2.27 2.54 2,74
20.0 -- 2.99 3.21 3.03 2,88 2.28 2,26 2.83 3.19
30.0 -- 2.89 3.26 3.22] 3.25 3.18 2.86 2.99 3.09
40.0 0.0 2,66 3.54 3.82 3.92 4.01 3.72 3.02 2,88
50.0 - 2.93 3.78 3.90 | 4.12 4.04 3.76 3.09 2.99
60.0 -- 2.69 3.64 3.71 3.63 3.73 3.75 3.23 3.25
70.0 - 2,27 3.45 3.45 3.40 3.64 3.36 3.20 2.95
80.0 - 2,40 3.38 3.32 3.39 3.50 3.03 2.88 2.46
90.0 - 2,27 3.15 3.22 | 3.37 3.79 3.45 3.24 2,96
100.0 - 1.93 2,86 3.08 | 3.27 3.94 3.99 3.85 3.77
110.0 -- 1.90 2.96 2.86 3.12 3.32 3.28 3.47 3.45
120.0 -- 1.96"| 3.03 3.11} 3.02 3.07 2,73 2,91 3.11
130.0 - 1.99 2.69 2,99 3.35 2,85 2,48 2,59 2,86
140.0 - 2,28 2.47 2,44 2,72 2,90 2,72 2,70 2,56
150,0 - 2.60 3.19 3.12 | 3.53 3.54 3.66 3.19 2,91
160.0 - 2.67 3.41 3.51 3.81 3.72 3.71 3.66 3.51
170.0 - 2.37 2.74 2,72 3.29 3.60 3.82 3.61 3.52
186.0 0.0 2,05 2,06 2,48 | 3.08 3.25 3.52 3.60 3.47
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FIGURE B-21 CONTOUR PLOT OF THE MEDIAN RESPONSE OF THE VERTICAL
BALANCED DIPOLE IN THE FOREST———E¢ AT 100 MH2
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Appendix C

EXAMPLE APPLICATIONS OF THE VHF ANTENNA PATTERN DATA

This appendix provides example calculations employing the VHF an-
tenna pattern data presented in this report. The purpose of this appendix
S to make the interpretation and the use of the data more understandable
to the reader, First, the calculation of the required transmitter power
for a particular problem is provided and a comparison of four antenna/
environment situations is given; then a description of the use of the
standard deviation data is provided; and, finally, a brief discussion is

preser.ted on the effect of the antenna height on the antenna gain,

1, Problem Statement

For the calculations presented in this appendix, it will be assumed
that a ground station in an environment similar to the Ban Mun Chit field
site is to employ a low-power transceiver to communicate at 100 MHz with
a similar unit in an aircraft flying at 8000 ft above the surface and at
a ground range of 6 miles from the ground station. It will be assumed
that the RF input to the receiver must be greater than 1.0 gV to obtain
an adequate signal-to-noise ratio. It is necessary to determine the re-
quired transmitter power to obtain a 99-percent-reliable communication

link for the following antenna/environment situations:

(1) A horizontal dipole located 10 feet above the ground in

a clearing

(2) A horizontal dipole located 10 teet above the ground in

a forest
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(3) A vertical dipole located 10 feet above the ground in

a clearing

(4) A vertical dipole located 10 feet above the ground in

a forest,

For each of the abhove cases, it will be assumed that the primary'polnriza-

tion of the aircrauft antenna is the same as the ground antenna,

2, Calculation of the Median Trinsmitter Power

To estimate the required transmitter power for 99-percent reliability
will first require a determination of the median transmitter power (median
power provides 50-percent reliabili‘ty) as is determined by the path equa-~

tion, which can be expressed in decibels:

Pt = pa * Ltz * Ltm * Ltr - Gta i me - Gra * er * er + er ’* g
where ‘
Pt = the power output of the transmitter
Pa = the power available at the receiver input
Ltz’ = the liansmission-line losses for the transmitter and
receiver, respectively
Ltm’ er = the matching network losses for the tronsmitter and

receiver, respectively

Note: P, and P, must be expressed in the same units, i.e., dBW or dEm.

184



e e ——— A —

Lt , L = any residual losses (e.g., losses due to an imperfect
r rr 3
impedance match) between the transmitter and . receiver
and their respective antennas
Gta’ Gra = the absolute gains of the transmitting and receiving
antennas for the path geometry and polarization of interest
me = the median basic transmission loss for the equivalent

free-space path as computed from 20 log10 (4mr/)\), where
r is the slant range to the aircraft in the Same units

as the wavelength, A,

Since the ground transceiver and the aircraft transceiver are

assumed to be identical units for this eéxample, the path equation is

reciprocal,

If this were not the case, it would be necessary to calcu-

late the power for the aircraft transmitter and the ground transmitter

as two separate operations, For the remainder of the calculations, it

will be assumed that the transmitter isc located in the aircraft and the

receiver is

If the
resistive),

as

The eff
antenna tuni
mated by emp

21, our other

located at the ground station.

input impedance of the receiver is assumed to be 50 0 (purely

the power required at the receiver terminals can be expressed

2
- (v, J
\ min

2
-6 ~-14
(1.0 X 10 )/50 =8 X 10 1 W = ~-137 dBw . (C-2)

iciency of the antenna tuning network (and consequently the
ng network loss) for the receiving antenna, er, can be esti-
loyirg the antenna impedance data provided in Tables 20 and

measurement data, and curves of matching network efficiency
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as a function of antenna impedance similar to Figure 27-21 of Ref, 18.
The loss caused by the transmitting antenna tuning network, Ltm’ can be
estimated similafly. The residual losses, er and Ltr’ can then be
assumed to be less than 1 dB. For the case of a receiver with a fixed
input impedance or a transmitter with ; fixed output impedance, L and

rm

Ltm can represent the mismatch loss between the set and the antenns,

For this example, conservatively large values for these losses will be

assumed:

er + er = 6 dB and Ltﬂ + Ltm + Ltr = 9 dB
Alss, it will be assumed that the gain of the aircraft antenna, Gta’ is
+3 dB. The ground range of 6 miles is equivalent to a slant range ot
32,600 feet and an elevation angle of approximately 15 degrees (actually
14.2 degrees) for the 8000-foot altitude of the aircraft, From the cal-
culated slant range, the median equivalent free-space basic transmission

loss for the path, me, can be calculated as 92 dB for 100 MHz.

Ucing the above calculated values, the path equation (C-1) becomes:

P =-137+9 -3 +92 -g¢G + 6 + L = L -G =33 -, (c-3) ‘

t ra rm rm ra

The value of G a can be derived theoretically using the slab model de- )
r

scribed in Section VIII or can be estimated from the data provided in

this report,

The absolute gains of the antennas can be approrimated by estimating
the gain of the measured horizontal dipole antenna in the clearing,

FitzGerrell’® has shown that the maximum observed absolute power gain ?

for antenna heights greater than )\/2 should lie between +6 and +9 dB

relative to an isotlropic radiater. Since antenna construction and site
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imperfections can cause minor reductions of gain, a more conservative .
. 1 .

1 ¥
estimate of +5 dB for the maximum gain of the horizontal dipole in the

‘

clearing will be used here. o . 0 .

Using Figure A-17 to represent the horizontal dipole antenna in a
i

clearing, one can see that at 15 degrees elevation and in the direction

away from the forest (270 degrees azimuth), the relat;ve'gain for the L

antenna is down 3 dB from the observed'maximum.' The absolutg gaiﬁléah

be calculated as +2 dB (-3 dB + 5 dB) for this direction and polarization,
The impedance of the antenna is 35 + j20 Q (Tgble 20). Again apéumiqg a
receiver input impedance of 50 + jO Q, -this results in a VSWR of 1.8:1,
and the matching loss (without the use of an antenna tdner)'can bé calcuf

N —
lated as 0.4 dB using the relationship (VSWR + 1)2/(4 + VSWR). Thus,

the required median input power to the transmitting antenna becomes

P, =0.4-20-33=-34.6 BV . : (c-4)

To estimate the absolute gain of the horizontal dipole in Fhe forest,
the data in Table 17 must be used in ;ddipion to .Figure AJ19. Table 17
indicates that the ma#imum Em gain of thelhorizontal unbalanced ?ipole
in the forest is 6.6 dB below a similar antenna in the clearing,lor 0 dB

! .
on Figure A-19 is 6.0 dB below the O dB point on Figure A-17, In the'

direction of the forest (90 degrees azimuth) and at 15 degrees elevation, -

¢ !
the gain is 12,0 dB below the maximum observed value on Figure A-19; thus

the absolute gain in this direction is -13.6 dB (5.0 - 6.6 - 12.0). The

1

impedance of this antenna is 40 + j20, and the mismatch loss (again with-

out an antenna tuner) can be calculated as 0.3 dB. Tﬂus, the required

transmitter power is -19,1 dBW. :

|
!

The pertinent results from these calculations and those for the

other two cases are presented in Table C-1, \ ;
i
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The data in Table C-1 apparently show that the forest affected the
absolute gain cf the horizontal antennas for this geometry by approxi-
mately 15 dB, whereas the absolute gain of the vertical antenna was re-
duced by only 4 dB when it was situated in the forest. By comparing
Figures A-17 and A-19, it is evident that this reduction in gain is
caused by not only the attenuation of the forest, but a change in the

antenna pattern factor due to the forest surrounding the antenna.

From the data derived in Table C-1, it appears that the horizontal
dipole in the clearing would be the best choice of antennas (i,e., it
requires the least power), but to acquire the required power for s 99-
percent-reliable communication sysiem, one must also consider the varia-

tion of the signal strength,

3. Designing for Reliable Communications

7
To determine the reliability of the antenna at the ground station,

one must use the standard deviation values, 3', provided in the tables
opposite each antenna contour plot. Although the actual distribution
function of the antenna pattern data has not been determined, it is
reasonable to assume a log-normal distribution to make probability state~-
ments about the antenna gains in a given direction. A table of areas of
the normal curve can be employed to determine that 99 .percent of the
normal curve is to the right of the median value plus 2.33 3’. Thus the
standard deviation values (as provided in the tables opposite the contour
plots) for the elevation and azimuth angle of interest can be multiplied
by 2,33 to determine the amount that the median power must be incremented
to provide the required system reliability (assuming a constant gain--a
standard deviation of zero--for the aircraft transmitting antenna). These

calculations are tabulated in Table c-2.
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The data in Table C-2 again indicate that the horizontal dipole in
the clezring would ideally be the best cboice of antennas, But, if one
wanted omnidirectional coverage, the vertical dipole would he reqﬁired
and one would need to increase the transmitter power by 6.3 dB to use
this antenna in the forest (as compared to operation in the clearing)
and not by only 3.8 dB as is shown in Table C-1. Alternative solutions
are to employ two crossed horizontal dipoles or a horizontal turnstile
antenna; thus the gain will be about that of a single dipole but an omni-
directional coverage can be obtained,

q

4, Effects of Antenna Height Above Ground

?he maximum gain and the elevation angle at which the maximum gain
occurs is dependent 0; the height of the antenna above the ground and
the reflection coéfficient of the ground. The directivity patterns of
horizontal ana:ve;tical antennas over a perfect earth are discussed by
Terman,?® For the case of actual ground and no forest, some insight into
the manner in vuich the gain and directivity of vertical antenna change
with antenna height above ground can be found in FitzGerrell's?! work,
and the effects of height on horizontal antennas have been investigated

by Taylor’ and FitzGerrell,'?

The effects of treés on the antenna impedance (and antenna effi-
ciency) of horizontal dipoles is negligible relative to the effects of
the ground whereas the effects of the trees on vertical antennas can be-
come more significant. Data presented in this report provide an indica-~
tion of these forest effects. Measurements of antenna height-gain
relatiorships were beyond the scope of the measurement program discussed
in this report, but measurements performed elsewhere in Thailand, using
horizontal dipoles .similar to those measured at Ban Mun Chit, have shown

that the efficiency of these antennas was reduced negligibly when the
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antenna heights-were reduced from 10 feet to 5 feet, but an efficiency
reduction of approximately 10 dB was observed as the height was reduced
to 1 foot. A further reduction of another 15 dB was observed when hori-

zontal dipoles were lowered from 1 foot to ground level,

The methods referenced above can be used for rough approximations,
For accurate prediction of the path loss for a particular antenna height,
the pattern of the antenna should be mcasured at the antenna height of
interest, or the model described in Section VIII could be used to pre-
dict the directivity gain, and then the standard deviation data presented
with the antenna patterns could be used to determine the path reliability

for a given power level,
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